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The maximum root depth of mature oats was 
approximately 1. 4 m for both irrigated and nonirrigated 
treatments. Differences in root distribution occurred 
primarily in the top 0. 4 m of the soil profile. Differences 
among cultivars were more pronounced under irrigation. 
Irrigation of oats encouraged root growth in the soil layers 
above 0. 4 m. Froker, Chief and Lang produced larger root 
systems than Nodaway 70, Burnett and Dal. 
Osmotic adjustment at grain fill of 0. 25, 0. 22, and 
0. 13 MPa occurred at the Highmore locati-0n for Lang, Froker 
and Chief, respectively. At tillering, Nodaway 70 and Chief 
osmotically adjusted by 0. 30 and 0. 15 MPa. Dal and Burnett 
did not osmotically adjust at tillering and only slightly 
during grain fill. The cultivars with higher root 
densities, Lang, Chief, and Froker, had higher osmotic 
adjustment under stress conditions. 
The relationship of the GSI with our field evaluation 
indicated some relationship with osmotic adjustment, and 
root distribution. Differences between irrigated and 
nonirrigated treatments in final grain yield were 
associated with a combination of factors, including tiller 
number, kernel weight, root system distribution and osmotic 
adjustment. There were no associations between measured 
responses to water stress and maturity group in this study. 
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Water stress occurs frequently in the North Central 
Plains and causes significant reductions in plant growth, 
development and grain yield. These effects of water 
stress apparently are dependent on the ability of plants 
to adapt to less than optimal environments. 
Plant water potential is dynamic, changing not only 
with the soil water content and atmospheric conditions, 
but also with the stage of growth. When plant water 
potentials become limiting, various physiological 
processes associated with plant growth, development and 
final yield are affected. 
The reduction in productivity in semi- arid 
environments is directly related to the inability of crop 
plants to withstand water stress. Water stress is 
�biquitous in arid and semi-arid parts of the world. 
Therefore understanding the physiological basis of drought 
resistance is useful for improving oat productivity. 
In South Dakota, water deficits are one of the 
primary factors affecting oat growth, development and 
yield. About 1. 7 million acres were planted in South 
Dakota in 1984 with average production of about 87 million 
bushels (Reeves, 1986). Unfortunately, very little 
research exists on drought resistance in oats, and the 
2 
associated genetic variability. 
The overall goal of these experiments was to provide 
a foundation for incorporating improved resistance to 
water stress into the o�t breeding program. The main 
objectives of this study were : (1) To examine 
germination, radicle length under control conditions and 
its relationships to field conditions. (2) To examine the 
growth, development and yield of oat cultivars in response 
to water stress. (3) Determine the ability of oat 
cultivars to osmotically adjust in response to water 
stress. (4) Examine the relationship between root 
characteristics and yield capacity under water stress. 
-
LITERATURE REVIEW 
I. Physiological Effects of Water Stress 
A. Function of Water 
3 
Water is a major constituent of protoplasm; a reagent 
in photosynthesis and hydrolytic processes. It is the 
solvent and mode of translocation for metabolites and 
minerals within plants and essential for cell division and 
enlargement (Russell et al, 1959) . Probably the most 
important function of water is its use in maintaining the 
turgidity of the cells. Turgidity is. closely related to 
the rates of various physiological processes such as cell 
enlargement, growth, and stomatal opening (Kramer, 19 83) . 
B. Water Stress Initiation 
According to Kramer (19 83) , water stress refers to 
·situations in which plant water potential and turgor are 
reduced (high negative) enough to interfer with normal 
functioning. Water stress develops during periods when 
water loss from transpiration exceeds absorption. In 
general, three factors influencing the development of 
water stress are : (a) the rate of transpiration; (b) the 
rate of water movement through the soil to the roots; and 
(c) the relationship of soil water potential to leaf water 
potential. The rate of transpiration depends on leaf area, 
internal leaf structure, thickness of cuticle, stomatal 
opening, and environmental factors such as solar 
4 
radiation, humidity, temperature, and wind. The rate of 
water absorption depends on the root system and 
availability of soil moisture. Denmead and Shaw (1962) 
described the relationship between atmospheric conditions, 
soil water, and plant stress. Water is absorbed into the 
root, transported through the plant's vascular system and 
transpiring leaves because of gradients of potential in 
the plant. The gradient required to move the wa�er from 
the soil into the plant is proportional to the 
transpiration rate and inversely proportional to the 
capillary conductivity of the soil. Higher potential 
gradients are required for higher transpiration rates and 
for drier soils. As the soil dries out large capillary 
potential gradients develop between the root and the soil 
caused by the decreasing hydraulic conductivity of the 
soil. This increase in the gradient between the root and 
soil requires an increase of the potential gradient within 
the plant to move the water out of the soils and·into the 
plants. As the potential gradient increases (high 
negative) within the plant there is a loss of turgor, 
stomata close, and transpiration decreases. 
C. Water Stress and Plant Metabolism 
When water stress occurs within the plant, 
metabolite levels change; photosynthetic electron 
transport is inhibited, stomata! closure occurs and 
5 
respiration rate decreases (Boyer, 1970 b). Along with 
these changes there is a reduction in photosynthesis, 
growth and translocation. When leaf water deficits occur 
in the plant they are accompanied by a closure of the 
stomata which reduces the CO2 available for 
photosynthesis and reduces translocation (Boyer, 1970 b). 
Stomatal sensitivity to water stress will greatly 
influence assimilation rates. Under stress conditions the 
stomates will close resulting in reduced assimilation 
rates of carbon dioxide. Frank et al. , (1973) , found 
large changes in stomata! resistance in relation to 
photosynthesis in water stressed spring wheat. When 
stressed plants were rewatered, photosynthesis rapidly 
recovered but never reached control or pre-stress levels. 
Apparently other factors besides stomatal closure were 
affecting photosynthesis. Abscissic acid levels increased 
in stressed plants and tended to induce stomatal closure 
(Waters et al. , 19 84) . 
Water stress in plants causes a reduction of cell 
division resulting in the reduction of growth. Berlin et 
al. (19 82) studied the effect of water stress on 
subcellular structure from fully expanded leaves from 
irrigated and nonirrigated field grown cotton (Gossypium 
hirsutum L. ) using a electron microscope. They found the 
D 
6 
reduced leaf area observed in the stressed plants resulted 
primarily from a mitotic sensitivity to water stress. 
Water stress will directly influence the 
photosynthetic area of a wheat crop, and plants show 
sensitivity to stress at every stage (Fischer, 19 73) . 
- Campbell et al. (19 79) found that spring wheat plants 
stressed early in life cycle had reduced leaf size but 
recovered when the stress was removed. When the plants 
were stressed later, their photosynthetic area could not 
be recovered. 
Photosynthetic vary among cultivars and also are 
influenced by leaf age, temperature, and water status. 
The flag leaf showed a greater sensit�vity to water stress 
than other leaves in several studies. Frank et al. (19 73) 
found stress developed more rapidly in the flag leaf at 
heading than in the fifth leaf at tillering. Leaf water 
potential in the flag leaf declined faster than the 
photosynthetic rate. Apparently water stress has its most 
direct effect on translocation at grain filling and on 
yield. Wardlaw (196 7) felt the reduction of flag leaf 
photosynthesis was due to a direct effect of water stress 
on the flag leaf. 
D. Measurements of Plant Water Relations 
Plant water stress can be determined in several ways, 
such as relative water content (RWC) , leaf water potential 
(- J ) ,  and osmotic potential (- f ) (Kramer, 19 83; 
w s 
Fischer and Sanchez, 19 79) 
a. Relat�ve Water Content (RWC) 
Relative water content (RWC) or relative 
7 
turgidity (RT) , as introduced by Weatherley (1950) , is 
defined as : RWC = (Fresh weight - Dry weight) /(Saturated 
weight - Dry weight) x 100. Sullivan (19 71) reviewed 
some of the difficulties arising with these methods : cell 
growth can occur during the water infiltration period,. 
water infiltrates cut surfaces and intercellular spaces, 
and respiratory weight losses occur. According to Eastin 
and Sullivan (19 84) , relative water content is a measure 
of the amount of water in the plant at the time of 
sampling relative to the amount at full turgidity. 
Relative water content is an effective measurement to 
indicate water relations within the plant tissues. Dedio 
(1975) used relative saturation deficit, water content and 
water retention ability of wheat leaves as possible tests 
for drought resistance. He found position of leaf and 
stage of maturity affected water retention ability. 
Recently, Carter et al. , (19 85) . used relative water 
content (RWC) as a selection tool for drought tolerance 
for soybeans. They listed several advantages of using RWC 
as a selection tool : (1) repeatable technique, (2) does 
not required a long time, (3) screening a large number of 
a 
genotypes are possible in a single day, and (4) more 
economical to measure compared to other traits. 
b. Water Potential and Osmotic Potential 
8 
Another measurement of plant water stress is water 
potential. Wat·er potential is the chemical potential of 
water relative to that of pure water, which arbitrarily is 
assigned a value of zero. Thus any factor reducing the 
activity of water in the system results in a negative 
value for water potential. For example, under drought 
conditions, the mole fraction and activity of water are 
both lowered. A general water potential equation follows : 
l¼'·. 
w = '¥5 + 'l'p + 'I'm , where ( - 'l' w ) is water potent i a 1 ; 
(- '1' 8 ) is the potential due to solute effect; ( ip) is 
th� pressure potential created when the cell solute causes 
water to move into the cell and exert pressure (turgor) 
against the cell wall; �nd. (- �m) is the matric potential 
resulting from absorption of water to the cell wall 
surface and contents. Water potential is expressed in 
joules/m3, MP (Megapascals) or bars. a 
Kirkham et al. (1978) measured·water potential and 
osmotic potential of youngest fully expanded leaves from 
tall and short wheat cultivars and found the better yield 
of the short cultivars appeared to be related to the lower 
water potential of the short plants. 
Turgor potential is an important for plants to 
■ 
9 
maintain growth and development. Sharp and Davis ( 19 79) · 
studied the effect of solute regulation on the growth of 
the root and shoot of maize seedlings under a single 
period of water stress. They found the rate of leaf 
extension and the development of the leaf area were 
reduced. The reduction correlated well with the reduction 
in leaf turgor which occurred at this time. Also, a 
significant accumulation of solutes in the root tips of 
the unwatered plants resulted in the maintenance of root 
turgor for the duration of the water stress. This 
experiment suggested that root growth under water stress 
may be a function of the capacity of a plant to accumulate 
solutes and maintain turgor in the root system when 
subjected to a soil drying cycle. 
In addition, atmospheric factors also affect the leaf 
water potential. Rudich, et al. ( 198 1) grew tomato plants 
(Lycopersicum esculentum mill) under four irrigation 
treatments. They found leaf water potential (- lwl ) was 
affected more during a day by atmospheric factors than by 
soil water availability. The changes in (- fwl ) and air 
water potential (- �wa ) were high correlated. Leaf water 
potential decreased as the plant aged, apparently due to 
the decreasing soil water availability, decreasing root 
activity, and increasing resistance to water in the stems 
and leaves. 
10 
2. Relationship of Water Stress, Growth, Development and 
Yield 
A. Water Stress and Stage of Growth 
Growth and development is arrested during water 
stress. The extent of plant damage depends on 
physiological age, the degree of water stress, and the 
species concerned (Gates, 1968) . Arrested growth of the 
plant is a more usual response to drought, but the higher 
the growth rate, the greater is the susceptibility to 
drought. 
Water stress causes dehydration of protoplasm, 
associated with the loss of turgor potential. May and 
Milthorpe (1962) reported g�owth is reduced by a decrease 
in relative turgidity to below 90%, also the expansion of 
cells and cell division are reduced, resulting in a 
reduced rate of growth. 
The effects of water deficits at different stages of 
development on crop growth and yield have been studied 
extensively, and early work in this area has been 
summarized by Salter and Goode (1967) and Begg and Turner 
(1976) . There is evidence in cereal grains that the most 
sensitive portion of the life cycle to drought is the 
stage of floral development and flowering (Salter and 
Goode, 1967) . Nix and Fitzpatrick (1969) and Passioura 
(1976) stated that if water is limited, the grain yield of 
11 
cereals depends on the amount of water which the plant 
uses between anthesis and maturity. Water stress during 
inflorescence development reduces the number of primordia 
and the development o� these into fertile florets 
(Slatier, 1969) . According to Boyer and MacPherson (1975) , 
desiccation at this time frequently causes a reduction in 
the number of seeds set by the plant. 
Reeves ( 1976) indicated the growth and development of 
oat plants can be divided into the following states : (1) 
Germination : seed swelling and emergence through soil 
surface. 
visible. 
(2) Seedling growth : additional leaves become 
(3) Tillering : initiation and growth of new 
shoots. (4) Stem elongation (jointing) : Nodes are visible 
above the ground. (S) Boot : Head is in sheath of f�ag 
leaf. (6) Heading : The head is being pushed out of the 
flag leaf. (7) Blooming: pollen is shed and seed 
development begins. (8) Mil k :  Developing kernels are 
filled with a mil ky fluid. (9) Dough : Grain becomes 
firmer. (10) Ripening : Grain is fully developed. He 
stated that water stress affects all the stages, but that 
the heading and blooming stages were most susceptible. 
Aspinall et al. , ( 1964) studied the effect of moisture 
stress at varying stages of plant development, and found 
all stages were affected, but the most sensitive stage was 
between the completion of spikelet formation and anthesis. 
D 
12 
B. Water Stress, Dry Matter, and Leaf Area Index 
Chauduri and Kanemasu (19 82) studied the effect of 
soil moisture gradients on sorghum (Sorghum bicolor L. ) 
water relationships, growth, and yield. They found plant 
height, dry matter, and leaf area index (LAI) decrease as 
the water level decreased. Higher leaf diffusive resis­
tance and more negative water potentials were associated 
with decreasing plant height and decreasing LAI. 
Increasing the soil moisture regime increased the water 
use efficiency (WUE) for the total �ry matter and grain 
yield. Sivakumar et al. (1979) found irrigated sorghum 
exhibited higher stomata! conductance and less negative 
leaf water potential than nonirrigated sorghum. They also 
found higher leaf are a index (LAI) and more dry matter 
accumulation for irrigated than for nonirrigated sorghum. 
Burn et al. (19 72) showed the proportion of water lost as 
transpriation, correlated closely with LAI and 
transpiration approximated 50% of the total 
evapotranspiration at a LAI of 2 and as much as 95% at a 
LAI of 4.0. Ritchie and Burnett (19 71) also indicated 
LAis below 2.7 reduced transpiration. 
There is some differentiation in plant response to 
different levels of moisture stress. At relatively 
moderate levels of stress, leaf enlargement was inhibited 
more than photosynthesis (Boyer, 19 70 a) . This was 
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believed to be caused by a decrease in the leaf water 
potential causing a loss in turgor. 
C. Water Stress and Tillering 
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Tiller numbers in small grain can have large effe�ts 
on the final grain yield (Musick and Dusek, 1980; Keim and 
Kronstad, 1981; Aspinall et al, 1964; and Sandhu and 
Horton 1976) . Studies by Keim and Kronstad (1981) 
reported that the ability of winter wheat to maintain a 
high number of tillers to maturity is important in 
determining the yield differences under drought stress. 
High tiller numbers can compensate for poor germination or· 
thin stand. Under optimum conditions for highest yield 
the number of tillers are a major factor. Gregory and 
Squire (1979) reported the yield of millet under 
irrigation was higher than under dry conditions, mainly 
because more tillers survived to produce grain. Advidson 
and Chevalier (1985) found differences in tillering were 
associated with differences in turgor potential of the 
upper most leaves in spring wheat. Their data indicated 
tiller production may be influenced by plant water 
potential more than water potential of the soil. 
D. Water Stress and Yield 
Recently, breeders have developed cultivars with 
increased grain yield when moisture is optimum. However, 
under moderate and severe stress, the new cultivars have 
4356'76 
SOUTH DAKOTA • E U 'VE SITY LIBRARY 
1 4  
generally yielded the same or less than previously 
developed cultivars. Water stress does not affect all 
plant growth and development equally, some processes are 
highly affected. The final yield of the crop will be the 
integrated results of these effects of stress on growth, 
photosynthesis, respiration, metabolic processes, 
reproduction, and translocation, etc. (Boyer, 197Gb). Any 
stress which will reduce photosynthesis and translocation 
can also be expected to decrease total dry matter produc­
tion (Boyer and McPherson, 1975). The effect of moisture 
stress is to reduce growth and dry matter accumulation 
during the early vegetative period. Later in the season 
when grain fill is taking place, the effect of moisture 
stress is to reduce the photosynthetic activity of the 
leaf and reduce the amount of photosynthate translocated 
to the grain. 
The effects of stress during grain maturation are far 
less marked, than during flowering. Wardlaw ( 1967) found 
in wheat, the development of the grain, which constituted 
the main "sink" for flag assimilates, was initially 
unaffected by a water stress that caused wilting of leaves 
and reduced photosynthetic rates. 
The grain fill period occurs when kernel development 
takes place. This stage can be distinguished into two 
phases. During the first phase kernels develop quite 
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rapidly by cell division and enlargement of the embryo. 
Shaw and Loomis (1950) found in corn very little 
translocation of photosynthate to the ear taking place at 
this time. During this stage, water stress can have the 
effect of reducing kernel numbers by causing the ·abortion 
of fertilized kernels. After this first period is 
completed, kernel number is set and further stress will 
only affect the amount of photosynthate translocated to 
the seed. Therefore water stress during the second phase 
will only result in a decrease of kernel weight (Jurgens 
et al. , 1978). 
Plant resistance to drought can be determined by 
relating plant water content to gra�n yield of cultivars 
grown under water stress. Keim and Kronstad ( 1981) 
evaluated grain yield and yield components under moisture 
stress conditions in winter wheat cultivars (Triticum 
aestivum L. ). They found the drought resistant cultivar 
"Yamhill" avoided drought stress by maintaining a high 
plant water content during reproductive development. The 
high growth rates during heading and anthesis and a high 
kernel weight indicated that this cultivar was less 
affected by high water stress. 
Improvement in root development and function seems to 
offer considerable promise for raising yield. Barbour and 
Murphy (1984), selected for seedling root length in oats 
-
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and indicated that greater grain yield, seed number and 
plant height were observed for long root selections, 
especially in the nonstressed environments. 
E. Water Stress and Root Development 
Most of the important agronomical measures are 
directed toward influencing plant growth through the root 
system. The function of the root system is to hold the 
plant to the soil and absorb water and nutrients from the 
soil. Several researchers (Slucker and Fry, 1960; Katya! 
and Subbiah, 1971) have studied roots in the surface layer 
and to 60 cm. deep. In studying root systems under 
drought, the most important zone seems to be below 60 cm 
(Weaver, 1926; Russell, 1959; Hurd, 1972) . 
Root development is affected by soil water stress as 
following: (a) the growth rate of roots decrease with 
increasing water stress; however, growth of the roots is 
less affected by water shortage than the shoot. Thus, the 
overall shoot/root ratio is increased (Pet�rs and Runkles, 
1967) . Drought was found to reduce the weight of roots 
produced in wheat without appreciablly reducing their 
number (Komch et al. , 1957) . _The roots were finer and 
more fibrous under dry than under more favorable moisture 
conditions. Roots subjected to ·moisture stress tended to 
become suberized up to their tips and thereby lose part of 
their absorbing capacity (Kramer, 1983) . (b) When rains 
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are light and frequent, only a small fraction of the 
potential root zone is watered, root penetration will be 
restricted to a shallow layer and the crop will be 
particularly sensitive to drought periods at a later 
stage. 
Development of secondary roots may be restricted by 
the effect of water stress. Soil surface drying can delay 
or prevent secondary root development. Cornish et al. , 
(1984) found most seedlings of ryegrass and Phalaris 
s�rvived less than four months in the absence of secondary 
roots, even when subsoil water was available to the 
seminal roots. 
a. Root Length in Respons� to Water Stress 
Deeper rooting and development of an extensive root 
system are adaptations of plants to drought. This is one 
of the basis for breeding for drought resistance (Hall, 
1981) . Nour and Weibel (1978), in evaluating the drought 
avoidance of sorghum cultivars, found that most drought 
resistant cultivars had greater root weight, root volume 
and higher root/shoot ratio. Ekanayake et al. , (1985) 
reported that the ability of rice (Oryza sativa L. ) to 
tolerate drought stress is associated with root charac­
teristics such as root thickness, root dry weight, and 
root length density. They found associations between 
these characteristics and plant height, tiller number, 
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shoot weight, and leaf water potential confirming the role 
of root characteristics in maintaining high leaf water 
potential under water stress. 
b. Root Distribution in Response to Water Stress 
Portas (19 73) pointed out that root growth patterns 
of plants reflect soil conditions more than plant 
genetics. Therefore, root distribution of different 
species should be compared only when grown under the same 
environmental conditions. Most crop plants achieve 
permanent wilting when the soil water potential is -15 
bars around the rooting zone. However, the rate of root 
extension sometimes starts to decrease at -0. 5 bar water 
potential (Kramer, 19 83) . According to Portas and Taylor 
(19 76) , growth can still occur in corn (Zea mays) and 
tomato roots which are surrounded by soil where water 
potential is less than -4. 0 bars if part of the root 
system is well supplied with water. 
Plant roots distribution has been shown to be 
nonuniformly distributed throughout the soil profile due 
to environmental, plant and soil factors. Arya et al. 
(19 75) found soybean rooting density increased with depth 
to a maximum density between 20 and 40 cm. depth. Below 
40 cm. the average rooting density decreased monotonically 
with depth. 
Root distribution is believed to decrease 
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monotonously in dry weight or total root length as soil 
depth increases (Raper and Barber, 1970; Mitchell and 
Russell, 1971) . This pattern may be modified by the soil 
water distribution throughout the profile. Reicosky et 
al. (1972) reported the root density profile of soybeans 
showed marked differences as soil water was depleted. 
They found an increase of roots at a depth of 50-70 cm. 
forming a rooting bulge in a uniform soil column with the 
water table at a depth of 100 cm. This result indicates 
the roots grow rapidly down through the soil until they 
meet the nearly saturated zone where root growth is 
restricted and profuse rooting occurs at this junction. 
The root distribution_ along the compartments of soils 
and the length of roots become significant. Mitchell and 
Russell (1971) characterized the pattern of soybean root 
development. At an early stage, the primary roots grow 
downward about 40-60 cm and the lateral roots extend 
horizontally. In row plantings, this horizontal expansion 
will continue 34-45 cm between rows before turning sharply 
downward. Bohm (1977) reported the lateral roots could 
intersect freely at narrow spacings, while Raper and 
Barber (1970) showed competition between the roots and 
adjacent plants limited root development. 
Root density and corresponding root length/weight 
ratio for corn and soybean were measured by Allmaras 
n 
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et al. (19 75) . They found root length/weight ratios 
generally decrease with depth especially at the early root 
sampling periods. Root length density for soybeans in the 
Ap (plow) layer ranged from 50-80 % of that for corn, but 
below the Ap layer soybean density was about 10-20% of 
that for corn, especially below the 45 cm. depth. 
c. Root Density and Water Uptake 
Water uptake is related to root density (Gardner, 
1960) . At first water is taken from the surface layer, 
as water potential decreases in the upper layer the 
gradient is less between the lower soil layers and roots 
in the lower layer, thus a gradual change in pattern of 
uptake takes place. Gardner (1960) reported some workers 
have found the greatest root development under dry growing 
conditions while others report better growth under optimal 
moisture conditions. 
Root length density is one of the most important 
factors affecting water uptake. Data of Willatt and 
Taylor (19 78) and Sivakumar (19 77) showed root length 
density of less than 1.0 cm/cm3 and that root length 
density of the upper 50 cm. layer decreased as the soil 
dried out, but was maintained near 0.2 cm/cm3 until the 
end of the growing season. Rasiah (1983) studied root 
density and water uptake of soybean and indicated root 




3 cm. to about 0. 3 cm. of root per cm of the soil. 
3. Drought Resistance 
Drought resistance is distinguished into three 
categories (1) drought avoidance, (2) drought tolerance, 
and (3) drought escape. Varieties with drought avoidance 
are able to maintain a high tissue water status in the 
presence of drought stress conditions. Varieties with 
drought tolerance are able to produce even during internal 
water stress as described by Pandey et al. ( 19 84) . Other 
varieties escape water stress through early maturity and 
complete their life cycle before stress conditions, as 
described by Keim and Kro�stad (1981) . Various 
physiological parameters have been used to differentiate 
genotypic response to water stress (Singh et al. , 19 83) . 
Osmotic adjustmen€ has recently been recognized to be 
an important mechanism whereby plants can survive low 
water potential within the plant tissue. Therefore, 
osmotic adjustment helps to maintain growth and function 
over a wide range of water potential values. Evidence for 
osmotic adjustment has been observed in many crop species 
(Hsiao. et al. , 19 76; Turner et al. , 19 78; Jones and 
Rawson, 19 79; Culter et al. , 1980; Matsuda and Riazi, 
19 81; Henson, 19 82; and Henson et al. , 19 82b; and Morgan, 
19 77; 19 80a; 19 84) . Osmotic adjustment is important 
because it results in the maintenance of positive turgor 
• 
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at low water potentials. 
Morgan ( 1980b) found selected lines have higher 
yields than unselected lines under water stress conditions 
in the field. He indicated osmoregulation existed ia 
these lines of wheat genotypes. 
There is evidence of the importance of osmotic 
adjustment as survival mechanism under water stress by 
keeping stomata open and the photosynthetic apparatus 
operating at lower leaf water potentials (Black and 
Squire 19 79; Squire 19 79; Henson et al. , 1982a; Ackerson , 
1983; Henson et al. , 1983 and Garrity et al . ,  1984) . Thej 
considered maintenance of stomata! openings under stress 
as characteristics of drought conditioned plants, and 
suggested localized adjustment in pearl millet (Pennisetum 
americanum (L . )  Leek) by stomata! apparatus in response to 
environmental differences. In addition, physiological 
processes such as cell elongation and stomatal opening 
are dependent on positive turgor (Fischer and· Sanchez; 
19 78; Sojka et al. , 1981) . 
Campbell et al. ( 19 79) measured the osmotic potential 
at full and zero turgor and tissue elastic modulus from 
moisture release curves. They used leaves from three 
winter wheat cultivars grown under moderately high and low 
stress environments. Osmotic potential at full and zero 
turgor showed significant response� to environment with 
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leaves from the drier location having osmotic potentials 5 
bars or lower than leaves from moist sites. 
Crop yields may be limited by such basic 
physiological processes as photosynthesis or carbohydrate 
partitioning. Water stress can reduce photosynthesis by a 
reduction in leaf area, closure of stomata, and reduction 
of CO2 fixation. Another important physiological 
mechanism used as an indicator for drought resistance is 
photosynthesis (Turner et al. , 1979; Ackerson, 19 83; 
Garrity et al. , 19 84; and Hofmann et al., 19 84) . The role 
of the stomata in mediating the exchange of gases in 
response to water stress has been reviewed extensively. 
Sanchez- Diaz and Kramer (19 71) compared maize and sorghum 
stomatal response to severe moisture stress and found that 
maize stomata closed at a higher water potential than did 
sorghum stomata. They reported that maize lost 
significantly more tissue water before complete stomatal 
closure than did sorghum. This ability of sorghum to 
minimize tissue water loss is characteristic of drought 
resistant species. 
Garrity et al. ( 19 84) indicated growth analysis 
expressed as dry matter was a useful indicator for drought 
resistance. O ' Toole and Moya (19 78) reported two visual 
scoring techniques based on leaf firing and another on 
leaf drying, were highly correlated with leaf water 
D 
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potential. According to Turk et al. (1980) and Pandey et 
al. ( 1984c) reduction in the leaf area can be used as a 
drought index. Especially the appearance of increased leaf 
senescence which results in less water use. Root - shoot 
characteristics including root distribution, root volume, 
and water depletion were studied by B�rch, et al. ( 19 78) ; 
Garay and Wilhelm (1983) ; and O ' Neill et al. ( 1983) . They 
reported roots go to a deeper depth under drought 
conditions. In addition, different growing regions of the 
plant responds differently to �ow water potential. 
Westgate and Boyer ( 1985) determined the elongation rate 
of roots, stem, leaves and styles (silks) of maize as soil 
water was depleted. They found gro�th was inhibited as 
the water potential became more negative. The water 
potential required to stop growth was -0. 5, -0. 75 and 
- 1. 00 MPa in the stem, silks and leaves, respectively. 
However, roots grew at these water potentials, and ceased 
only when water potential was lower than - 1. 4 MPa. 
4. Sc reening and Selection Methods for Drou g ht Resistance 
A .  Physiological Characteristics Related to Drou g ht 
Resistance 
Crop improvement for drought resistance is subject to 
two limitations: ( 1) insufficient information on the 
physiological mechanisms of drought resistance. (2) lack 
of reliable screening methods for identifying drought 
■ 
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resistance cultivars. Observation in the field cannot be 
made regularly nor can the conditions be often repeated. 
HoweveF, efficient screening of cultivars for drought 
resistance characteristics appears to be possibl� if 
drought conditions are simulated in the laboratory by 
using osmotic agents (Johnson and Asay, 1978; Thill et 
al. , 1979). 
Several physiological characteristics have been 
reported as being reliable indicators for screening of 
cultivars subjected to water stress such as seed 
germination and seedling growth in solutions of different 
osmotic potential. Tests for seed germination under water 
stress are simple and effective laboratory methods of 
screening cultivars for drought resistance (Helmrick and 
Pferifer, 1954; Younis et al. , 1963; Bassiri et al. , 1977 
Ashraf and Abu-Shakra, 1978; William et al. , 1967) 
Seedling growth also allows early screening for drought 
resistance (O'Toole et al. , 1978; Stout et al. , 19 80; Blum 
et al. , 19 8 0). Blum et al. (19 80), in their evaluation of 
seed and ·seedling drought tolerance screening tests in 
wheat, found genotypic toler?nce to water stress to be 
process specific with regard to the rate of endosperm 
utilization, germination rate, seedling growth during 
stress and seedling recovery after stress. They found 
several wheat cultivars were separable for their tolerance 
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to growth in a nutrient solution containing poly ethylene 
glycol (PEG) , and the variable capacity of these cultivars 
to adjust under a situation of a dynamic stress 
progression was revealed. They conclud�d such a test 
appears to be useful in scre ening wheat g ermplasm for 
seedling drought tolerance. 
B. Fi eld Evaluation for Drought Resistance of S el ected 
Cul ti vars 
Many investigators have evaluated different crop 
tultivars in response to water stress, and found good 
agre ement betwe en ·se ed g ermination under osmotic solution 
and their g ermination levels under field conditions. 
Germination tests based on osmotic potential could be a 
good tool for identifying the drought resistance at early 
stag es of growth (Williams et al. , 1967; Saint-Clair, 
19 76; Hadas, 19 7 7a) . Saint-Clair (19 76) tested the 
bility of 1 1  cultivars of wheat to g erminate in 
poly ethylene glycol (PEG) solution and conclude d  that the 
field drought tolerance of these cultivars was correlated 
with their g ermination in solutions of PEG. Similar 
results were found by (Helmerick and Pferifer, 1954; 
Williams et al. , 1967; Hadas, 19 77) .  Opposite results 
were reported by (Blum et al. , 19 80; Bouslama and 
Schapaugh, 19 84) . 
Bouslama and Schapaugh, (19 84) evaluated 20 soybean 
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(Glycine -™ ( L. )  Merr. ) cul ti vars for germination usi·ng 
600- PEG at 0. 6 MPa. They indicated the seed germination 
test is doubtful as a reliable procedure for identifying 
drought tolerant cultivars. 
Water stress affects germination and radicle length 
as well as toxicity of NaCl, NaS04 and CaC12 • A 
distinction between the toxic and osmotic effect was made 
by Roundy et al. ( 1985) who observed tall wheatgrass 
( Agropyron elongatum) and basin wild rye (Elymus cinereus) 
germination and emergence in saline and arid seed beds. 
They found the total germination of all tall wheatgrass 
and basin wild rye in this study was generally more 
affected by reduced osmotic potential than the toxicity of 
NaCl, NAS04 and CaC12 • In contrast, Bal ( 1985) studied 
germination and seedling growth of rice in NaCl and PEG -
6000 solutions having osmotic potentials -0. 2, -0. 4, -0. 6 
and -0. 8 MPa. They found the NaCl proves more harmful to 
germination seedling g!owth than reduced osmotic 
potentials. 
Seedling root characteristics also can be affected by 
environmental factors both during seed development and at 
the time of germination ( Troughton and Whittington, 19 72; 
Kazemi et al. , 19 77). However, plants can survive drought 
by growth of an extensive root system which extracts water 
from the soil ( Nour and Weibel, 19 78; Barbour and Murphy, 
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19 84; Ekanayake et al. , 19 85). These workers found the 
ability of cultivars to withstand water stress is 
associated with root system characteristics such as 
extensive roots and high root/shoot ratios. 
Evaluation of the mature root system of plants is 
very tedious and expensive . It may be possible, however, 
to evaluate selections based on seedling root growth, as 
it has been found that root growth of wheat, corn, and 
sorghum seedlings correlate well with mature plant drought 
tolerance levels (Blum, 19 74; Blum, 19 79; Sullivan and 
Ross, 19 79). 
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MATERIALS AND METHODS 
Field Experiments 
Field experiments were conducted during the summers 
at two locations : (_I) James Valley Research Center, 
Redfield, South Dakota in 1984 and 1985 and (2) Highmore 
Research Station, Highmore, South Dakota in 1985. The 
soil at the Redfield location was a Beotia (Pachic Udic 
Haploboroll, fine silty loam , mixed) with a 1% slope. 
These soils have dark gray silt loam A horizons, grayish 
brown silt loam B2 horizons and pale yellow silt loam C 
horizons. The soil at the Highmore location was a Glenham 
- Java (Typic Argiustolls Entic Haplustolls , fine -
loamy, mixed, mesic) with a 1% to 3% slope. 
I. Cultivar and Cultural Practices 
Cultivars were selected from early, medium and late 
maturity groups based on general field observations and 
response to screening tests. The cultivars were Nodaway 
70 and Lang, early maturity; Chief and Burnett, medium 
maturity; Dal and Froker, late maturity. Soil tests were 
taken to determine the soil N-P- K, organic matter and pH 
levels from 0-60 cm. Fertilizer was applied to bring the 
total nitrogen to 270 kg per ha, phosphorus and potassium 
tested adequate in the soil. Diammonium phosphate 18-46-0 
expressed as N+P+K was applied at 90 kg per ha as a 




long and 1. 5 meters (5 feet) wide with rows 0. 15 meters 
(6 inches) apart. Planting dates were 23 April, 19 84 and 
18 April, 1g85 in Redfield; 11 April, 19 85 in Highmore. 
Seeding rate for each variety was 100 kg per ha, drilled 
to a depth of 3. 8 cm. (1 . 5  inches) . Soil moisture was 
adequate at  planting time. 
2.  Treatments and Experimental Desi gn 
An irrigation schedule was determined by tensiometers 
placed in the irrigation site at 30. 5 cm (12 inches) , 45. 7 
cm. (18 inches) and 61 cm · (24 in� hes) . The plots were 
irrigated when the reading of the 30. 5 cm deep tensiometer 
reached 30-40 millbars. At  Redfield, the plots were 
irrigated on June 29 and July 9, 19 84 ; June 21 and July 
7, 11, 16, 18, 1985. At  Highmore, the plots were irrigated 
by furrow on May 21, June 15, and July 9, 19 85. 
The experiment was a split plot in a randomized block 
design with four and six replications a t  Redfield in 19 84, 
19 85 respectively and five replications in 19 85 at 
Highmore. The main plot was the water treatment and 
subplots were the six cultivars randomized within 
irriga ted and nonirrigated blocks. 
3.  Data Co l lection and Pro cedures 
Data were collected for the following parameters, 
soil moisture content, shoot dry weigh t, tiller number, 
leaf area , relative water content (RWC) , water potential 
-
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(- '¥w ) , osmotic potential - t - is ) , osmotic potent-ial at 
\1/f 
full turgor ( ·s ) ,  plant height, lodging, effective 
tillers, forage yield, grain yield, root distribution, 
yield components and test weight. Groat, protein, and oil 
percentages were determined for each plot. 
4 .  Soil Physical Characteristics 
A. Soil Moisture Content 
Soil moisture content was measured by a _ neutron probe 
(hydroprobe model 503-Cambell Pacific Nuclear) . Aluminum 
access tubes were installed in the field at a depth of 120 
cm. Soil moisture readings were taken weekly to determine 
the level of soil moisture in the soil profile. Neutron 
probe counts were converted to water content on a volume 
basis by the following formula (Kohl, 19 85) (personal 
communication) : 
Percent of water content by volume=0. 000 76 counts - 2. 0, 
where counts are the neutron probe readings. 
B. Bulk Density 
Bulk density of the soil to a depth of 120 cm. was 
determined. Soil cores were taken and divided into 10 cm . 
lengths and oven dried at 75 C. Bulk density in Redfield 
was _ an average of four replications in 19 84, and six 
replications for each depth in 1 9 85; five replications 
were used in 19 85 for Highmore. 
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C. Total Porosity ( E) 
Total porosity (E) was calculated from the following 
equation : E = I - (Bulk density / Particle density). 
Aeration porosity was calculated from the following 
equation : 
Aeration porosity = Total porosity - Volumetric water 
content. 
The particle density 2. 65 g/cm3 was used in the above 
equation for the determination of the total porosity. 
5 .  Shoot Dry Weight, Tiller Number and Leaf Area 
In 1985 for both locations, shoot dry matter and 
tiller number were determined every 10 days by harvesting 
3 0  cm. ( 1  foot) from the outside rows of each plot. The 
number of tillers were counted and two plants were 
separated randomly from the sample per plot for leaf area 
measurement by using a Portable Area Meter (Model LI -
3 00 0  LICOR). 
The samples were dried at 70- 75 C for 5 days and dry 
weights were recorded. A linear relationships between 
leaf area and dry weights of two plants was observed at 
three stages of growth (tillering, anthesis and grain 
filling). This curve was used to estimate leaf area from 
shoot dry weight data. 
6 .  Plant Water Relation 
Leaf water potential (- f ), osmotic potential w 
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( - f ) , and relative water content (RWC) were made on one s f 
leaf, and osmotic potential at full turgor (- �s) on 
another plant leaf within each plot. Both leaves were the 
youngest fully expanded leaves (excluding the flag leaf) . 
Leaves from both the main stem and tillers were- used. 
Measurements were obtained at three stages of growth 
(tillering, anthesis and grain filling) at two times 
(morning, from 10 to 12 AM ) , and (midafternoon, from 2 to 
4 PM) during these development stages. Water potential 
and osmotic potential were me�sured only on the cultivars, 
Chief, Burnet� ,  Dal, and Froker, but relative water 
content and osmotic potential at full turgor were 
determined on all cultivars. 
A. Leaf Water Potential and Osmotic Potential 
Leaf water potential was measured with a pressure 
chamber (Scholander et at. , 1965) . A fully expanded leaf 
was selected randomly from within the plot. The procedure 
involved inserting the selected leaf into an aluminized 
mylar sheath (5 by 15 cm. ) for approximately 10 seconds 
before excision . This allowed the leaf to reach equilib­
rium and to minimize water loss as suggested by Turner, 
1981. The excised leaf in the small sheath was quickly 
placed into another aluminized mylar bag 20 by 25 cm. and 
transported to the pressure chamber. To prepare the leaf 
for the pressure chamber, the- leaf was dissected with a 
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sharp razor blade into two sections. One section was used 
for osmotic potential. The second leaf section was used 
for w�ter potential by inserting it into a rubber washer. 
The rubber washer and the leaf section were placed into 
the pressure chamber with the freshly cut end visible. 
Once the leaf section and washer were sealed into the 
chamber, the pressure was applied. The pressure in the 
chamber was slowly increased at a rate of about 1 bar 
every 5 seconds. When a cell sap appeared at the cut 
surface, the control value was turned off immediately, and 
the pressure indicated on the gauge was recorded (bars) . 
A bright light and magnifying glass directed on the cut 
surface were used to recognize the appearance of cell sap. 
The second leaf section was placed in a section of 
tygon tubing, sealed with stoppers, and immediately frozen 
in dry ice (-20 F) and stored in the laboratory until 
processing. In the laboratory, osmotic potential was 
measured on sap expressed by placing the sample in a bench 
vice to extract the cellular sap the leaf material after a 
3 minutes thawing period at room temperature. The 
psychrometer was calibrated �ith standard sodium chloride 
solutions (Lang 1967) . The sap expressed was placed on a 
filter paper disc (6 mm diameter made with a standard 
paper punch) in the center of the sample holder of a Model 
C-52 Wescor sample chamber connected to a Wescor HR - 33T 
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Dew Point Microvoltmeter using the technique described by 
Turner (1981) . Turgor potential ( �p ) was calculated 
from the following equation: � S •  
B. Leaf Osmotic Potential at Full Turgor 
For determining leaf osmotic potential at full turgor 
two leaves were excised randomly from each plot (youngest 
fully expanded leaf) . The excised leaves were placed in 
distilled water for four hours at room temperature. After 
four hours, the leaves were removed and water was blotted 
�rom the surface. Each leaf was placed in a tygon plastic 
tube and sealed with parafilm and immediately frozen in 
dry ice to store until measurement. Solute potentials at 
full turgor were measured as indicated for leaf solute 
potentials. 
C.  Relati ve Water Content ( RWC% ) 
The RWC% data was obtained from the same section of 
the leaf used for the water potential, determination. 
After measuring water potential the leaf was immediately 
weighed to obtain fresh weight (F ) ,  the leaf was placed w 
in a stoppered test tube (15 by -2 cm.) filled with 
distilled water for four hours at room temperature. After 
four hours the leaves were removed and water was blotted 
from the surface. The leaves were reweighed to obtain the 
saturated weight (S ) ,  and dried in the oven at 75 C for w 
24 hours to determine the dry weight (D ) of the leaves. w 
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RCW% was calculated as suggested by Barrs and Weatherley 
(1962) as follows : 
RCW% = 100 X (F - D ) /(S - D ) .  w w w w 
7. Plant Height, Lodging, and Effective Tillering 
Plant height was measured by estimating the overall 
average height of each plot by holding the calibrated 
stick with the left hand and with the right hand moving a 
bamboo stick across the plants in a plot until the two 
sticks touched each other. The height were the sticks 
touched, and was recorded. The lodging readings were 
taken at the grain fill stage by using scores from 0-10 to 
estimate the percent lean for the whole plot. 
Effective tillers per square meter were calculated by 
taking a one meter length randomly from the outside rows 
in each plot. This number was multiplied by the 
conversion factor 6. 6 to get the number of tillers per 
square meter. 
8. Forage Yields 
Forage yields for Redfield (1984) were determined at 
the early grain fill stage by harvesting one square meter 
of plants randomly from each plot. In 1985, they were 
determined by taking two subsamples 30 cm. ( I  foot) 
lengths of row from each plot and drying them in the dryer 
room at 70- 75 C for 5 days. The dry weight was recorded 
and converted to Mg per ha. 
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9 .  Yield Components 
Yield components were measured in two subsamples of 
30 cm - rows ( 1  foot) taken from different rows and 
opposite ends of the plot. Ten panicles per subsample 
were selected randomly ( twenty panicles per plot) and 
were individually threshed by a head thresher. The seed 
number per panicle was counted and weighed. Single seed 
weight was obtained by dividing panicle weight by the 
number of seeds per panicle. 
I O. Grain yield and. Quality 
Harvest dates were 3 1  July, 1984 and 29 July, 1985 
for Redfield, and 16 July, 1985 for Highmore . The plots 
were harvested using a S_uzue binder ( rice binder) and a 
midsized Vogel thresher. After cutting, the bundles were 
tagged and placed across the stubble. Grain yields were 
obtained from three center rows after trimming to 3. 7 
meters ( 1 2 feet) to eliminate broader effects . After 
threshing, the grain was weighed to determine the yield. 
The test weight was determined by weighing one pint of 
3 seed ( 552. 83 cm ) for each plot. Groat percent was 
determined by weighing 1000 seeds , dehulling, and 
reweighing. Protein and oil percentages were determined 
by a Technicon Infraalyzer 300. For each plot, 
approximately 5 grams of groats were ground with a Udy 
mill into flour for analysis. 
-
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1 1 . Root Samplings 
Root samplings were taken twice in 19 84, first 
after forage samples were taken . The second was taken 
after grain harve�t. In 19 85 , root sampling was taken 
from irrigated and nonirrigated plots once immediately 
after harvesting for the six cultivars. Two subsamples 
from each plot were obtained to a depth of about 150 cm. 
Soil cores were taken with a Giddings probe mounted on the 
tractor. The cutting head of the soil tube had an inside 
diameter of 4. 1 cm. The cores were taken close to the 
base (5 cm. ) of a plant. The soil cores were sectioned 
into 10 cm. _ section, and each 10 cm. core was divided into 
two equal halves. In the field, the number of roots were 
counted at the interface of 10 cm. core and recorded. The 
root count from the two halves represented the count of 
the root in the 10 cm. core sample. For one replication, 
after each 10 cm. core was counted in the field, it was 
placed in a plastic bag and stored in cool room at 5 C 
until washing for root - soil separation. These cores were 
soaked for 24 hours in a detergent dispersing solution 
(Calgon) , and then washed out as suggested by Smucker et 
al. (19 82) by a root washing machine (Hydropneumatic 
Elutriation System) until clean roots remained on the 
screen. The washed roots were then stored in a 30% (V/V) 
ethanol - water solution in a cool room at 5 C until 
r 
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processing. For processing, the sample was placed into a 
35 cm x 35 cm dish made of transparent plastic. A grid 
paper was placed under the bottom of the dish. The 
intersections between the roots and the grid were counted, 
following the technique of Newman (1966) . The root length 
was calculated from the following equation : Root length 
(R) = (11/44) x the number of the intersection (N) x the 
grid unit (cm. ) .  Relationship between the estimated 
length and root count were established (Appendix Figure 
I ) .  From this relationship the �oot number obtained from 
the field for all plots were converted to the total root 
length (cm. ) and root length density (cm root/cm3 soil) . 
1 2. Germination and Radicle Growth 
The germination experiments were carried out in 
number 18 plastic boxes (13x l4x3. S  cm) with tightly 
fitting lids in a germination chamber. Fourteen oat 
cultivars (Avena sativa L. ) of different maturity groups, 
early, Bates, Lang and Nodaway 70; medium, Benson, 
Burnett, Chief, Lancer, Ogle and Otee; late, Dal, Fra ker, 
Marathon, Moore, and Wright were used in this study. 
Mannitol was used as an osmotic substrate to prepare 
aqueous solutions having 0, 5, 10 and 15 atmospheres of 
osmotic potential (O. P. ) .  The amount of mannitol needed 
to produce these osmotic potentials were 0, 37. 3 1, 74. 34, 
111. 92 grams per liter (W/V), respectively. The 
40 
concentrations of mannitol were calculated from the 
following formula given by Helmerick and Pferifer (19 54) : 
P = gRT/mV, where P = osmotic potential · in atmosphere, 
g = grams of mannitol, R = 0. 0 825 liter atmospheres per 
degree per mole, T = absolute temperature , m = molecular 
weight of mannitol, and V = volume in liters . 
Twenty five seeds per germination box were placed on 
the saturated blotters with 10 milliliters of the desired 
0. P. solution in each box. The boxes containing seed were 
placed in a germination chamber for 6 days at the constant 
temperature of 25 C degrees. Germinated seeds were 
counted daily for six days. Seeds were considered 
germinated when a primary root was 3 mm. in length. The 
radicle length of 25 seedlings were measured at the end of 
six days. In order to characterize the rate of s�ed 
germination in different osmotic potentials. Results were 
expressed in terms of a promptness index (P. I. ) as 
described by George (1967). The promptness· index was 
calculated as follows : 
PI= [ nd1 (7 
- D I) ] + [ nd2 (7 - D2) ] + - - + [ nd6 (7 -
D6) ] . Where: D = number of the day of observation, 
counting as 0 the day on which the test was begun, nd = 
number of seeds observed to germinate on day of 
observation D. A germination stress index (GSI), as 
described by Bouslama and Schapa�gh (1984) , was expressed 
r 
in percent as follows : 
Promptness index of stressed seeds (PIS) 
Promptness index of control seeds (PIC) 
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X 1 00 
The data were analyzed as a randomized complete block 
design with three replications. All statistics analysis 
were computed with the help of packaged programs from the 
Statistical Analysis System (SAS) according to Spector and 
Goodnight (1985 ) . All differences were determined by 
using the Least Significant Differences Test (L. S. D.) . 
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RESULTS 
Germination and Radicle Elongation Screening Tests 
Analysis of variance indicates differences between 
cultivars in cumulative germination, and radicle growth 
after six days · of germination at different levels of 
osmotic potential (Table 1 and 2) . The cultivar x 
treatment interaction was significa�t at the 0. 01 
probability level for cumulative germination percentage 
and radicle length. The cultivar x treatment x day 
interaction was also highly significant for cumulative 
germination indicating that some cultivars germinated more 
quickly for specific treatments than other cultivars. 
Seed germination decreased as osmotic potential 
became more negative. Inhibition of seed germination was 
greatest under the lowest osmotic potential, - 1. 5 MPa. 
Cumulative germination after six days ranged from 96 to 
100% for the control compared to 19 to 79% at -1. 5 MPa 
indicating more pronounced differences among cultivars at 
the lower osmotic potentials. The cumulative germination 
as a function of time and osmotic potential of the 6 
cultivars selected are given in Figures 1 to 3. 
The significance of the cultivar x treatment x day 
interaction indicates relative differences among cultivars 
are dependent on the time course of the experiment. Some 
cultivars germinated earlier than others at the lower 
osmotic potentials (-1. 0 and -1. 5 MPa) but had similar 
II 
Table 1. Anal ysis of variance of germination for 
screening experiment. 
Source dF Mean squares for 
of variations germination ( % ) ------------------------------------------------------
Cultivar 13 1 324 * *  
Treatment 3 1 4220 7 * *  
Day 5 184 7 15 * *  
Replication 2 66 NS 1 
Cultivar*treatment 39 315 * *  
Cultivar* Day 65 156 * *  
Cultivar* Rep. 26 56 NS 
Treatment* Day 15 1 04 02 * *  
Day*Replication 1 0 71 * 
Treatment* Rep. 6 22 NS 
Cultivar*treat. *day 1 94 1 1 1 * *  
Cultivar*Treat. *Rep. 78 54 * 
Cultiva�*Day*rep. 130 36 NS 
Treat . *day* Rep. 30 4 5  N S  
Error 388 38 
c . v . ( % )  12. 2 





dF Mean squares for 
radicle length (mm) 
Cultivar 13 2. 6 * *  
Treatment 3 35 5. 0 * *  
Replication 2 0. 4 NS 1 
Cultiva� * Treatment 39 0. 8 * *  
Cultivar*Replication 26 0. 2 NS 
Treatment*Replication 6 0. 4 NS 
Error 78 0. 2 
c . v .  ( % ) 1 4. 8 
*, ** Significantly different ·at 0. 01 and 0. 0 5  probability 
1 level, respectively. NS = Not significant at the 0. 0 5  probability level. 
Figure 1. Cumulative germination percent as a function of 
time in different osmotic potential ( • ) 0 MPa, ( � ) 
- 0. 5 MPa, ( e ) -1. 0 MPa, and ( ■ ) -1. S MPa. 
a. Nodaway 70, and b. Lang. Values are the averages 
of three replications. The L. S. D (0. 05) = 9. 8% between any 
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Figure 2. Cumulative germination percent as a function of 
time in different osmotic potential ( * )  0 MPa, ( ! ) 
-0. 5 MPa, ( e ) -1.0 MPa, and ( ■ ) -1.5 MPa. a. Chief, 
and b. Burnett. Values are the averages of three 
replications. The L. S. D. (0. 05) = 9. 8% between any two 
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Figure 3. Cumulative germination percent as a function of 
time in di£ f eren t osmotic potential ( * ) 0 MPa, ( A ) 
-0. 5 MPa, ( • ) - 1. 0 MPa, and ( ■ ) - 1. 5 MPa. a. Fra ker , 
and b. Dal. Values are the averages of three replications. 
The L. S. D. (0. 05) = 9. 8 %  between any two points on the 
c.urves. 
4 9  








cumulative germination after six days (Fig. 1-3) . The 
greatest differentiation among cultivars occurred at an 
osmotic potential of 1. 0 MPa. Figure 4 illustrates the 
differences in t9e rate of germination for six oat 
cultivars at an osmotic potential of 1. 0 MPa. The greatest 
d iff�rences in germination between cultivars within the 
same maturity group occurred for Chief and Burnett. 
The germination stress index (GSI) was used to 
account for differences in rate of germination due to 
osmotic stress. The GSI, developed by Bouslama and 
Schapaugh (1984) , is expressed as follows : 
Promptness index of stressed seeds (PIS) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - X 1 0 0 
Promptness index of control seeds (PIC) 
Where PIS and PIC are the summations of cumulative 
germination weighted accord ing to rate of germination. 
High values of GSI indicate a high rate of germination. 
The GSI for different osmotic potentials at 0.5, 1.0, and 
1. 5 MPa, are summarized in Table 3. The rate of 
germination as ind icated by GSI was inversely related to 
moisture stress. The GSI was found to decrease 
significantly with a decrease in osmotic potential. The 
highest GSI averaged over treatments was 58% for Chief, 
and lowest was 40% for Moor. 
Radicle length also decreased as osmotic potential 
become more negative. The greatest d ifferences in rad icle 
Figure 4. Cumulative germination percent of six different 
oat cultivars as a function of time in osmotic potential of 
-1. 0 MPa. ( x )  Nodaway 70, ( + ) Lang, ( □ ) Chief, ( � ) 
Burnett, ( * ) Froker, and ( 6 ) Dal. Values are the 
averages of three replications. The L.S. D. (0. 05) = 9. 8% 
between any two points on the curves. 
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Ta b l e  3 .  G e r mi n a t i o n  s t r e s s  i n d e x  o f  oa t s e e d l i n g  
g e rmi n a t e d  f o r  6 d a y s  i n  ma nni t o l  a t  d i f f e r e n t  o s mo t i c  
p o t e n t i a l .  
Cu l t i v a r  
5 3  
MPa 
1. 0 
2 M e a n s  Rank  
0. 5 1 . 5 --------------------------------------------------- -----
---------- G S I %  ----------
Ch i e f  M 8 5  5 6  3 2  5 8  1 
N o d awa y 70 E 80 5 5  3 3  5 6  2 
B e n s o n  M 7 9  4 9  2 9  5 2  3 
F r o k e r  L 8 3  so  2 4  5 2  4 
O g l e  M 8 2  5 5  17  5 1  5 
Lang  E 7 8  s o  2 4  5 1  6 
Ma r a t h o n  L 7 9  4 2  10 4 4  7 
B a t e s  E 8 5  3 6  0 9  4 3  8 
D a l  L 7 2  4 2  14 4 3  9 
O t e e  M 7 6  4 1  1 1  4 3  10 
Wr i g h t  L 69 3 9  18 4 2  1 1  
L a n c e r  M 68 4 2  13  4 1  1 2  
Bur n e t t  M 7 8  30 14 4 1  1 3  
Mo o r e  L 7 1  3 6  1 4  4 0  1 4  
�Ma t u r i t y  g r o u p s  E = e a r l y , M=m e d i um , L=l a t e . 
M e a n s  a r e  t h e  a v e r a g e  o f  t h r e e  r e p l i c a t i o n s .  
L S D  (0 . 0 5 ) b e tw e e n  a n y  t wo v a l u e s = 8 %  f o r  G S I % . 
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length between varieties within the same maturity group 
occurred for Chief and Burnett (Table 4) 
Six varieties were selected for further field 
experiments, based on differences within each maturity 
group using the following criteria : GSI, radicle length, 
and past field observations from the oat breeding program. 
Field Eval uation of Six Selected Cultivars 
Precipitation and Temperatu re 
Weather data from April to July for Redfield (19 84 
and 19 85) and Highmore, 19 85 are presented in the Appendix 
Table 2. For Redfield, the total precipitation was 399. 4 
and 269. 5 mm . of rainfall during the growing season of 
19 84 and 19 85, respectively compared to normal 
precipitation of 283. 3 mm. (averaged over 30 years) . The 
total precipitation was 243. 6 mm. at Highmore in 1 9 85 
compared to normal precipitation of 269. 8 mm. In general, 
precipitation was above normal in 19 84, but drier than 
normal in 1 9 85. However, precipitation during the month 
of July during the critical reproductive phase of growth 
was above normal for all locations and years. 
Average daily minimum and maximum temperatures with 
monthly means are listed for both years of the study. 
July temperatures were the highest in both years and 
Ta b l e  4 .  R a d i c l e  l e n g t h  o f  o a t  va r i e t i e s  a f t e r  
p e r i o d  o f  s i x d a y s  i n  man n i t o l  a t  o s mo t i c  p o t e n t i a l s  
o f  0 ,  0 . 5 ,  1 . 0 a n d  1 . 5  MPa .  
Cu l t i va r  
Ba t e s  
La n g  
N o d away 70 
B e n s o n  
Bu r n e t t  
Ch i e f  
Lan c e r  
O g l e  
O t e e  
D a l  
F r a k e r  
Mar a t h o n  
Moo r e  
W r i g h t  
o . o  0 . 5  1. 0 1. 5 ( MPa ) 
1 -------- --------------- 2 ----------
M . G .  R a d i c l e  l e n g t h  
----------- mm. - - - - ----- --
E 62 3 3  0 7  0 2  
E 5 4  3 5  0 7  0 4  
E 7 1  5 4  17  04  
M 66 40 16  05  
M 70 3 9  0 9  0 3  
M 7 5  5 5  3 6  0 6  
M 66 4 4  1 2  0 3  
M 62 3 5  13  03  
M 7 7  4 7  1 6  0 3  
L 64 3 5  2 2  0 3  
L 7 9  5 4  1 3  0 4  
, L  67 4 2  1 8  0 3  
L 63 4 7  1 6  0 4  
L 7 9  4 1  10 03 
1Ma t u r i t y  g r o u p s  E = e a r l y , M = m e d i um , 
a n d  L = l a t e . L S D  (0 . 0 5 ) b e twee·n a n y  t w o  
v a l u e s  = 6 f o r  r a d i c l e  l e n g t h . 
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locations. Redfield and Highmore temperatures in 19 85 
were warmer than in 19 84. 
So�l Physical Characteristics 
5 6  
Soil characteristics such as bulk density, soil water 
content, and aeration porosity are important factors 
affecting root growth. Tables (5 - 10) present the soil 
physical characteristics of bulk density, soil water 
content and aeration porosity for Beotia silt loam and 
Glenham-Jave loam soil at Redfield and Highmore . 
respectively. The bulk density of Beotia soil profile 
increased with depth from 1. 3 3  to 1. 3 8 Mg/m3 at 100 cm. 
The bulk density of Glenham-Java soil profile increased 
with depth from 1. 40 to 1. 77  Mg/m3 at the 1 10 cm. depth 
(Appendix Table 2) . 
Soil water content and aeration porosity (E ) a are 
presented in Tables (5 - 10) . The values of soil water 
content are an average of ten readings for each depth 
using the neutron probe during the growing season. 
water content and aeration porosity were slightly 
Soil 
different between irrigated and nonirrigated plots in 
19 84. Differences were m�re pronounced in 19 85 at both 
locations, but Redfield had a higher aeration porosity 
than Highmore. In general, soil water content increased 
with depth and aeration porosity decreased with depth. 
Irrigated plots contained higher water content and less 
5 7  
Ta b l e  5 .  V o l u me t r i c  s o i l  wa t e r  c o n t e n t  o f  v a r i o u s  s o i l  
d e p t h s  f o r  i r r i g a t e d  a n d  n o n i r r i g a t e d  p l o t s  d u r i n g t h e 
g r ow i n g  s e a s o n . R e d f i e l d , 19 8 4. 
D a t e  
5 / 2 3 
5 / 2 8  
6/ 7 
6/ 19 
6/ 2 9  
7 / 3  
7 / 9  
7 / 1 1 
I r r i g a t e d  N o n i r r i g a t e d  
De p t h  ( cm )  
30 60 90 120 30 
---------------------- % 
30. 2 3 4 . 3  3 7 . 4 3 6. 9  
30. 2 3 3 . 9  3 6. 5  3 6 . 9 
2 9 . 5  3 3 . 5 3 6. 4  3 6 . 9 
3 1 . 7 3 5 . 2 3 6. 7  3 7 . 0  
3 3 . 0  3 6. 0  3 7 . 1 3 7 . 4 
3 1. 0  3 1. 4  3 6 . 1 3 7 . 4 
3 2 . 0 3 4 . 8  3 6. 9  3 7. 4 
3 2 . 4  3 5 . 3  3 7 . 1  3 7 . 4 
30. 3 
30 . 0 . 
2 8. 2 
30 . 5  
2 8. 4 
30. 4 
2 3 . 5 
2 4. 6 
60 
3 3 . 2  
3 2 . 8  
3 1 .  2 
3 4 . 1  
3 1 . 4 
3 1 . 0 
2 9 . 6  
2 7 . 4 
90 
3 2 . 6 
3 5  . ·1 
3 5 . 4 
3 6. 2  
3 1. 4  
3 3 . 9 
3 4 . 5 
3 1. 2 
1 20 
3 5. 7 
3 6. 1  
3 5 . 6 
3 6. 3  
3 2 . 5 
3 5 . 7 
3 5 . 6 
3 6. 6  
Ta b l e  6. A e r a t i o n  p o r o s i t y  a s  f u n c t i o n  o f  s o i l  d e p t h  i n  
i r r i g a t e d  a n d  n o n i r r i g a t e d  p l o t s  d u r i n g  t h e  g r o wi n g  
s e a s o n . R e d f i e l d , 1 9 8 4 .  
I r r i g a t e d  N o n i r r i g a t e d  - -------------- ----------------------------- --------------
De p t h ( c m )  
30 60 90 120 30 60 90 120 
Da t e  ------- ---------------------------------------------------
------- ----- --------- % ------- -------- --------
5 / 2 3  19 . 6 14. 1 10 . 5  1 1 . 0 19. 5 15. 1 1 5 . 3 1 2 . 2 
5 / 2 8 1 9 . 6 1 4 . 4  1 1 .  4 1 1. 0  19. 8 15 . 5  1 2 . 8  1 1 .  8 
6/ 7 20 . 3  14 . 8  1 1. 5 1 1. 0  2 1. 6 17 . 1  1 2 . 5  1 2 . 3 
6/ 19 18 . 1  1 3 . 1  1 I .  2 10. 9  19. 3 14. 1 1 1 .  ·7 1 1. 6 
6/ 2 9  16. 8 1 2 . 3  10 . 8  10. 5  2 1. 4 16. 9 16. 5 15 . 4 
7 / 3  18 . 8 16. 9 1 1 .  8 10. 5  19. 4 1 7 . 3  14 . 0  1 2 . 2 
7 / 9  1 7 . 8  13 . 5  1 1 . 0  10. 5  2 6. 3  18. 7 1 3 . 4 1 2 . 3 
7 / 1 1  1 7 . 4 13 . 0  10 . 8  10. 5 2 5. 2 20. 9 16. 7 1 1. 3 
5 8  
Ta b l e  7 .  Vo l u m e t r i c  s o i l  wa t e r  c o n t e n t o f  v a r i o u s . s o i l  
d e p t h s  i n  i r r i g a t e d  a n d  n o n i r r i g a t e d p l o t s  d u r i n g  t h e 
g r o wi n g  s e a s o n . R e d f i e l d , 198 5 .  
3 0  
Da t e  
I r r i g a t e d  N o n i r r i g a t e d  
60 
De p t h  ( cm )  
9 0  1 2 0  3 0  6 0.  9 0  1 2 0  
------------------- ------------------------ - - - ----------
---------------------- % ---------- - - -------- - -
5 / 2 9 2 7. 4 3 1 .  5 3 5 . 3 3 6. 7  2 4. 7 3 0. 9 3 5. 2 3 6. 3  
6/ 5 2 8 . 7 3 1 .  9 3 5 . 7  3 7 . 1 2 4 . 7 3 0 . 5 3 5 . 1 3 6. 2 
6/ 12  2 7. 1 3 1. 1  3 5 . 4 3 6. 6  2 3 . 3 3 0 . 1  3 5 . 0 3 6. 2  
6/ 19  2 5 . 5 3 0 . 1  3 5 . 0 3 6. 5  2 1 . 0 2 8 . 0  3 4 . 4 3 6. 2  
6/ 2 6  2 5 . 7  3 0 . 5  3 5 . 0 36 . 5 1 7 . 4 2 4 . 8  3 3 . 0 3 5 . 9 
7 / 3  3 0 . 6 3 4 . 0  3 6. 4  3 6. 9  16 . 9 2 4 . 7  3 3. 0 3 5 . 6 
7 / 10 2 6. 8  3 1 . 9 3 5 . 6 3 6. 7  13. 5 1 6 . 4 2 9 . 0 3 5 . 1 
7 / 2 5  2 9 . 1  3 3 . 5 3 6 . 3 3 7. 2 1 7 . 4 1 7 . 5  2 9 . 9 3 5 . 4 
Ta b l e  8 .  A e r a t i o n p o r o s i t y  a s  f u n c t i o n o f  s o i l  d e p t h i n  
i r r i g a t e d a n d  n o n i r r i g a t e d  p l o t s  d u r i n g  t h e  g r owi n g  
s e a s o n . R e d f i e l d ,  19 8 5 .  
Da t e  
3 0  
I r r i g a t e d  
60 
De p t h  ( c m )  
9 0  1 2 0  3 0  
N o n i r r i g a t e d  
60 9 0  
--------------------- % ------- ----------------
1 2 0  
5 / 2 9  2 2 . 4  16. 8 1 2 . 6  1 1. 2 2 5 . 1 1 7 . 4 1 2 . 7 11. 6 
6/ 5 2 1. 1  16. 4 - 1 2 . 2  10. 8 2 5 . 1 1 7 . 8 1 2 . 8 1 1. 7 
6/ 12  2 2 . 7  1 7 . 2  1 2 . 5  1 1. 3  2 6 . 5 18 . 2  1 2 . 9 1 1 . 7 
6/ 19 2 4 . 3  18 . 2  1 2 . 9  1 1 . 4 2 8 . 8 2 0 . 3  13. 5 1 1. 7 
6/ 2 6  2 4 . 1  1 7 . 8 1 2 . 9  1 1. 4  3 2 . 4 2 3 . 5  14. 9 1 2 . 0 
7 / 3  19 . 2  14 . 3  1 1. 5 1 1 . 0 3 2 . 9 2 3 . 6  14 . 9  1 2 . 3  
7 / 10 2 3 . 0 16 . 4 1 2 . 3 1 1 . 2 3 6 . 3 3 1 . 9 18. 9 1 2 . 8 
7 / 2 5  2 0. 7 14. 8 1 1. 6 10 . 7  3 2 . 4  3 0 . 8 18 . 0  1 2 . 5 
Th e v a l u e s  f o r  e a c h  d e p t h  a r e  an  a v e r a g e  o f  t e n r e a d i n g s .  
T o t a l  p o r o s i t y  ( E% ) =  4 9 . 8 ,  48. 3 ,  4 7 . 9 ,  a n d  4 7 . 9 f o r  3 0  c m , 
60 cm , 9 0  cm� a n d  12 0 cm , r e s p e c t i v e l y . Pa r t i c l e d e n s i t y  = 2 . 65 ( Mg / m ) .  
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Table 9. Volumetric soil water content of various soil 
depth in irrigated and nonirrigated plots during the 










6 0  
28. 9 
28. 4 
29. 4  
Nonirrigated 
Depth (cm) 
90 120 30 
30. 0 




















The values for each depth are an average of ten readings. 
Table 10. Aeration porosity as a function of soil depth 
in irrigated and nonirrigated plots during the growing 









90  120 30 6 0  9 0  120 
--- ------------------- % -------------------------
17. 8 9. 3 5. 3 8. 1 21. 0 12. 0 7. 9 10. 4 
20. 2 9. 8 5. 8 8. 0 21. 6 12. 5 7. 7 10. 1 
16. 1  8. 8 4. 5 6. 5 21. 4 13. 6 8. 5 - 10. 9 
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aeration porosity than nonirrigated plots in both years 
and locations. The aeration porosities at 120 cm at 
Redfield were between 10 to 11% for the entire growing 
season in 1984 �nd 1985. Aeration porosities were quite 
low at Highmore dropping below the 10% level at 60 cm on 
the irrigated plots and at 90 cm on the nonirrigated 
plots. 
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Grain and Forage Yield 
The six cultivars chosen from the germination 
screening test were examined for yield and yield 
components, water relationships and root distribution 
under field conditions in irrigated and nonirrigated 
treatments. The analyses of variance of grain and forage 
yields are presented in Appendix Table 3 for Redfield, 
19 84 and 19 85; and Highmore, 19 85. There were no 
significant differences among cultivars or treatments for 
grain and forage yields at Redfield in 19 84. Froker had 
the highest grain yield at 5. i Mg/ha. In 19 84, Nodaway 70 
had the lowest grain yield at 3. 9 (Mg/ha) , and the highest 
forage yield at 11. 3 Mg/ha, (Table 11) . These results 
would be expected with the above normal rainfall in 19 84. 
Differences for grain yield among cultivars and treatments 
were highly significant in 19 85 for both Redfield and 
Highmore • . At Redfield in 19 85, grain yield was highest 
for Lang at 5. 9 Mg/ha and lowest for Burnett at 4. 2 Mg/ha. 
Nonirrigated plots had a higher grain yield than irrigated 
plots for all cultivars except Chief. Forage yield was 
the highest for Dal at 11. 5 Mg/ha whereas, Lang had the 
lowest at 7. 6 Mg/ha. Irrigated plots had higher forage 
yields than nonirrigated plots for all cultivars (Table 
11) . In Highmore in 19 85, irrigated plots had higher 
grain and forage yields than nonirrigated plots. Grain 
yield was highest for Lang at 5. 9 Mg/ha, and lowest for 
Ta b l e  1 1. G r a i n  a n d  f o r a g e  y i e l d s  o f  s i x c u l t� va r s  
o f  oa t s  w i t h  i r r i g a t e d  a n d  n o n i r r i g a t e d  t r e a t me n t s .  
R e d f i e l d , 19 8 4 .  
C u l t i v a r  
N o d awa y 7 0  
Lan g 
Ch i e f  
Bu r n e t t  
Da l 
F r a k e r  
G r a i n  Y i e l d l 
I .  N .  
--------------
3 . 9 3 . 9 
4 . 7 4 . 7 
4 . 2 4 . 0 
3 . 7 4 . 0 
4 . 3 4 . 4 
5 . 1 5 . 1 
Mg / h a  
Fo r a g e  Y i e l d  
I .  N .  
-------------
10. 5 1 2 . 1 
9 . 2 9 . 0 
10. 8 8 . 5 
10. 5 1 0 . 1 
9 . 2 10 . 5  
1 1. 6  9 . 6 
1T h e  m e a n s  a r e  t h e  a v e r a g e s  o f  f o u r  r e p l i c a t i on s . 
L S D  ( 0. 0 5 )  b e twe e n  a n y  two  v a l u e s = 1. 8 an d 2 . 3  
M g / h a  f o r  g r a i n  a n d  f o ra g e  y i e l d s , r e s p e c t i v e l y . 
R e d f i e l d , 1 98 5 .  
Gr a i n  Y i e l d 1 Fo r a g e  Y i e l d  
Cu l t i  v a r  I .  N.  I .  N .  
------------- Mg /ha  ------- - - - - - -
N o d awa y 7 0  4 . 2 5 . 8 9 . 5 9 . 2 
L a n g  5 . 4 6. 4 7 . 6 7 . 5 
C h i e f  5 . 3 5 . 4 1 1. 0 8 . 8 
Bu r n e t t  3 . 6 4 . 7 10. 4 9 . 2 
Da l 2 . 9 6. 0 1 2 . 6. 10 . 4 
F r a k e r  4 . 4 6. 2 1 1. 0 8 . 2 
1T h e  m e a n s  a r e  t h e  a v e r ag e s  o f  s i x  r e p l i c a t i o n s . 
L S D  ( 0. 0 5 )  b e twe e n  a n y  t wo v a l u e s = 0. 9 ,  a n d  4 
Mg / h a  f o r  g r a i n  a n d  f o r a g e  y i e l d s , r e s p e c t i v e l y . 
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Chief at 5. 5 Mg/ha. Forage yield was the highest for 
Burnett at 10 Mg/ha, and Dal was the lowest at 7. 3 Mg/ha 
(Table 1 2) .  At Redfield in 19 85, the reduction of grain 
yield ranged from 5 2% for Dal to 2% for Chief in irrigated 
plots compared to nonirrigated plots. At Highmore in 
19 85, the reduction of grain yield ranged from 37% lower 
for Nodaway 70 to 10% for Burnett in the nonirrigated 
compared to irrigated plots . The reduction in grain yield 
at Redfield, 19 85 was primarily due to a higher percentage 
of lodging during the grain fill stage at Redfield than 
Highmore in 1985 (Table 13) . However, Chief did not 
respond to irrigation treatment at either location in 
19 85. 
Test weight, groat percent, protein, and oil contents 
are presented in Appendix Table 4 .  
Ef fec tive Tillering and Yield Components 
2 The number of effective tillers per m were dependent 
on cultivar and irrigation treatment. The cultivar x 
treatment interaction was highly significant indicating 
that some cultivars were responding positively to the 
irrigation treatment while others were not. Lang and 
Chief had the highest number of tillers at 8 8 8  and 8 75 
tillers/m2 for Redfield and Highmore, respectively. While 
Dal had a lowest tillers at 755 and 740 tillers/m2 for 
Table 1 2. Grain and forage yields of six cultivars 









Grain Yield 1 
I .  N .  
----------
7. 0 4. 5 
7. 1 4. 6 
5. 8 5. 2 
6. 6 4. 6 
6. 2 5. 0 
6. 2 5.0 
Forage Yield 
Mg/ha 
I .  N .  
-----------
9. 7 8. 5 
9. 3 7. 1 
7. 1 7. 9 
1 1 . 3 8. 6 
7. 4 7. 1 
9. 9 6. 9 
1The means are the averages of five replications. 
LSD (0. 05) between any two values = 0. 3, and 6 
Mg/ha for grain and forage yields, respectivel y. 
Table 1 3. Lodging percent of six cultivars 
of oats with irrigated and nonirrigated 



















I .  N .  
--------------
1 7 5 





1 The means are the averages of six and five 
replications for Redfield and Highmore, respectivel y. 
LSD (0. 05) between any two values = 8%, and 7% for 
Redfiel d  and Highmore, respectively. 
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Redfield and Highmore, respectively (Table 14) . A similar 
trend was found in plant height for both locations, plant 
h�ight was higher under irrigated than nonirrigated plots 
for all cultivars at both locations in 1985 �xcept for 
Burnett at R edfield (Appendix Table 5) . 
Highly significant differences were observed among 
cultivars in  grain weight per panicle, grain number per 
panicle and single kernel weight at both locations. Grain 
weight per panicle responded differently for each cultivar 
in irrigation treatments. The cultivar x treatment 
interaction was highly significant at both locations. 
Means of grain weight, number of kernels per panicle, 
and single kernel weights are presented in Table 15. At 
Redfield in 1985, Chief and Dal had the highest grain 
weight per panicle, and greatest number of kernels per 
panicle. Whereas the lowest grain weight and least number 
of kernels per panicle were found in Nodaway 70 and Lang. 
Similar results were found at Highmore in 1985 (Table 15) .  
Growth and Development 
" The analysis of variance tables are given in 
Appendix Table 6 for number of tillers measured at 
different stages of growth. 
Water stress did effect shoot dry weight and tillers 
number for all cultivars. Chief and Burnett will be used 
to illustrate shoot dry weight and tiller numbers. 
Table 14 . Effective til lering of six cultivars 
of oats with irrigated and nonirrigated treatments 
during the dough stage . 1 9 85 .  
Cultivar 
Redfield I 
I .  N .  
Highmore 
I .  N .  
---------------------------------
2
------- - - -- - ---































1 The values -are the averages of four replications . 
LSD (2 . 05) between any two values = 1 77, and 235 
No . Im for Redfiel d  and Highmore, respectivel y . 
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Table 1 5. Grain weight, kernels per panicle and 
kernel weight of six different cultivars of oats 
with irrigated and nonirrigated treatments. 
Redfield, 1985. 
Cultivar Grain Wt./Panicle 1 kernels/Pan. Wt. /kernel 
I .  N .  I .  N .  . I .  N .  
----- g ----- No. - -- mg ----
Nodaway 70 0. 91 1 . 1 8 33 40 28 30 
Lang 1. 0 1 1 . 1 9 36 40 28 30 
Chief 1 . 1 7 1. 41 50 52 23 27 
Burnett 1 . 01 1. 27 37 40 27 32 
Dal 1 . 09 1 . 40 49 55 22 26 
Froker 1 . 07 1 . 38 44 5 1 24 27 -----------------------------------------------------
LSD (0.05) between any two values 0 . 1 4 g, 6, and 1 mg 
for wt. /pan. , kern. /pan., and wt./kern. , respctively. 
Highmore, 1985. 
Cultivar Grain Wt. /Panicle 1 kernels/Pan. Wt./kernel 
I .  N .  I .  N .  I .  N. ----------- -------------------------------------------
g ----- ---- No. ---- mg 
Nodaway 70 0. 95 1.02 29 35 33 29 
Lang 1. 03 1 . 1 9 30 36 34 33 
Chief 1. 1 5 1.22 40 44 29 28 
Burnett 1.0 1 1 .07 30 35 34 3 1 
Dal 1 . 2 1 1 . 05 4 7  42 26 25 
Froker 1 . 00 1. 11 36 41 28 27 
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1The means are the averages of six and five 
replications for Redfield and Highmore, respectively. 
LSD (0.05) between two any values = 0. 2 g, 6, and 2 mg, 
for wt. /pan., kern. /pan. , and wt. /kern. , respctively. 
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Figure 5 shows shoot dry weight (Kg/m2 ) for Chief and 
Burnett at Highmore. Shoot dry weight (Kg of shoot dry 
wt . /m2 of soil) was considerably lower in the nonirrigated 
plots compared to irrigated plots. All cultivars 
exhibited similar growth response under irrigation. 
Different growth was observed under the nonirrigated 
treatment. Shoot dry weight accumulation contributed 
approximately similar proportions to crop growth until 
about day 65 . Then until day 95 shoot dry weight 
accumulation occurred predominately in the irrigated 
treatment, but not in the nonirrigated treatment (Fig . S) . 
The shoot dry weight of the nonirrigated treatment 
decreased presumably because of leaf senescence. 
Meanwhile, dry weight increased rapidly until the end of 
crop growth due to panicle dry weight increase . However, 
shoot dry weight in both locations for nonirrigated 
treatments were significantly less than the irrigated 
treatment . cultivar responded differently to different 
stages . Chief and Burnett accumlated similar shoot dry 
weights from tillering to heading stages. Burnett had 
higher shoot dry weight than Chief from anthesis to grain 
fill stages (Fig. 5) . 
A similar pattern was found in the number of tillers 
(Fig . 6) for both varieties in both locations. 
Figure 5. Shoot dry weigth (Kg/m2) at various stages of 
growth in irrigated ( � ) and nonirrigated ( * )  treatments. 
(a) Chief and (_b) Burnett. Values are �he averages of 
foure replications. L. S. D. = 0. 63 Kg/m between any two 
points on the curves. Highmore , 1985. 
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Figure 6. Tillers number (No. /m2) at various stages of 
growth in irrigated ( � )  and nonirrigated ( * ) treatments. 
(a) Chief and (b) Burnett. Values are t2e averages of four 
replications. L. S. D. (0. 05) = 418 No. /m between any two 
points on the curves. Highmore, 1985. 
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Root Distribution 
The analysis of variance tables are given in 
Appendix Table 7 for root distribution in Redfield , (1984 
and 1985) ; and Highmore , in 1985. Irrigation did not 
affect total root length , but did affect the distribution 
of roots within the profile. Root distribution for whole 
profile is expressed in terms of root density (Km of 
roots/m2 of soil) . Differences in -root density occurred 
at all sites in 1985 between irrigated and nonirrigated 
plots , but did not in 1984. The root densities in 
irrigated treatments were 11. 5 ,  14. 9 and 17. 7 Km/mZ , but 
in nonirrigate treatment were 12. 3 ,  14. 2 and 13. 6 Km/m2 at 
the maximum rooting depth for Redfield 1984 , 1985 , and 
Highmore , 1985 , respectively. Irrigation resulted in 
grater roots density in the whole profile , but not in 
1984. (Table 16) . 
Root density differed for cultivars by year and 
treatments. At Redfield , Fraker had the highest root 
density with 14 . 2 Km/m2 , and Nodaway 70 the lowest with 
10. 2 Km/m2 in 1984. In 1985 , Lang had the highest root 
density with 18. 2 , and Nodaway 70 the lowest with 14. 3 
Km/m 2• At Highmore in 1985 , Lang had the highest with 
18.6 Km/m2, and Nodaway 70 the lowest with 13. 8 Km/m2 
(Table 16) . 
Most roots were found in the top 40 cm and 
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Table 1 6. Root density for a 1 . 5  m profile for six 
different cultivars of oats in irrigated and nonirrigated 
plots. 
Cultivar Redfield 1 984 1 Redfield 1 985 Highmore 1 985 
I .  N. I .  N. I .  N. 
----- - -- --- -- --- - -- -- -- -------- -- -2
--- - - - - - -- - - ---- -- - ----
- - - - - - --- ----- ---km/m ---------------------
Nodaway 70 1 0. 2 1 0. 2 1 4. 3 1 4. 4 1 5. 8 
Lang 1 0. 6 1 2. 6 22. 5 1 4. 0 1 8. 4 
Chief 1 1 . 8  1 1. 2 1 5. 7 1 4. 8 18. 2 
Burnett 1 2. 1 1 3. 5 1 5. 8 1 4. 6 1 7. 9 
Dal 1 0. 9 1 1 . 3 1 5. 4 1 3. 5 1 7. 5 
Froker 1 3. 5 1 5. 0 1 7. 2 1 3. 7 1 8. 4 
1The means are the averages of four, six and five 
replications for Redfield, 1 984, Redfield 1 985, and 
Highmore 1 985, respectively. 
LSD �0. 05) between any two values = 2. 4, 3. 5, and 3. 7 
Km/m for Redfield, 1 984 and 1 985, and Highmore 1 985, 
respectively. 
1 1. 8 
1 4. 5 
1 4. 3 
1 3. 4 
1 3. 9 
1 3. 7 
Table 1 7. Root density in the top 0. 4 m profile for six 
different cultivars of oats in irrigated and nonirrigated 
plots. 
Cultivar Redfield 1 984 1 Redfield 1 985 Highmore 1 985 
I .  N .  I .  N .  I .  N.  
- - - - - - -- -- - ------- km/m2 - - - -- - - - - - -- -- -- - - -
Nodaway 70 7. 6 8. 1 9. 5 7. 9 10. 4 8. 4 
Lang 7. 7 9. 5 9. 6 7. 2 12. 0 8. 0 
Chief 8. 1 8. 4 1 0. 1 7. 9 1 0. 5 10. 1 
Burnett 8. 2 8. 7 10. 1 7. 2 10. 1 9. 4 
Dal 7. 6 7. 5 9. 4 6. 9 10. 9 8. 2 
Froker 9. 5 1 0. 5 1 1. 2 7. 7 1 1 . 2  9. 1 
7 5  
Ta b l e  18 . R o o t  d e n s i t y  p e r c e n t  i n  t h e  t o p  0 . 4  m p r o f i l e  
c o mp a r e d  t o  1 . 5  m p r o f i l e  f o r  s i x d i f f e r e n t  c u l t i v a r s  o f  
o a t s  i n  i r r i g a t e d  a n d  n o n i r r i g a t e d  p l o t s . 
C u l t i va r  R e d f i e l d , 1 9 8 4  Red f i e l d , 19 8 5  H i g hmo r e , 19 8 5  
I .  N .  I .  N .  I .  N .  ----------------------------------------------- - ------------
------------------ % .  ----- ------------
N o da wa y  7 0  7 4 . 1  7 9 . 4  66. 4 5 4 . 6  65 . 8  
Lan g 7 2 . 3  7 5 . 5  4 2 . 9  5 1 . 8 65 . 0  
Ch i e f  68 . 7  7 4 . 8  6"4 . 3 5 4 . 2  5 7 . 7  
B u r n e t t  67 . 9  64 . 2  65 . 2  4 9 . 6  5 6 . 4 
D a l  69 . 5  66. 0 61 . 0  5 1 .  2 62 . 3  
F r o k e r  7 0 . 4  7 0 . 4  65 . 0  5 6 . 1 60 . 1  
The  me a n s  a r e  t h e  a v e r a g e s  o f  f o u r , s i x , a n d  f i v e 
r e p l i c a t i o n s  f o r  R e d f i e l d  1984 , R e d f i e l d  1 9 8 5 , a n d  
H i g hmo r e  19 8 5 . 
7 0 . 9  
5 2 . 1  
7 1 . 0 
7 0 . 2  
5 9 . 4  
66 . 5 
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differences were also found between irrigated and 
nonirrigated plots. Root density in the irrigated plots 
were 8. 2, 10. 0 and 10. 5 Km/m 2 but in nonirrigated 
treatment were 8. 7, 7. 5 and 9. 2 Km/m 2 in top 40 cm depth 
for Redfield 1984, 1985, and Highmore, 1985, respectively 
(Table 17) .  
The root density percent in top 0. 4 m compared to 1. 5 
m profile were different between treatment and cultivar in 
1985, but only among cultivars in 1984. The percentage in 
irrigated treatment they were 70. 5, 60. 8, and 61. 2%, but 
in nonirrigated treatment were 71. 7, 58. 9 and 65. 0%. At 
Redfield, Nodaway 70 had the highest root density percent 
with 76. 8%, and Froker had 70. 4% in 1984. In 1985, Froker 
had the highest root density percent with 60. 6% and Lang 
the lowest with 4 7. 4%. At Highmore in 1985, Nodaway 70 
had the highest root density percent with 68. 4,  and Lang 
the lowest with 58. 6% (Table 18) . 
The root distributions (cm/cm3) as a function of 
depth are shown in Fig. 7, 8 and 9 for both locations. 
Root density was characterized by a sharp decrease with 
depth for all varieties and treatments. The root 
distribution pattern differed by year and treatments in  
the lower root zone depth for all sites. At Redfield in 
1984, nonirrigated did not affect root density. 
Differences in root density appeared to be dependent on 
Figure 7. Root density as a function of depth for irrigat ed 
(··•··•) and nonirrigated (----) treatments. (a) Fraker and (b) 
Dal. Values are th3 averages of four replications. L. S. D . 
(0. 05) = 0 . 34 cm/cm betwe en any two points on the curves. 
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Figure 8. Root density as a function of depth for irrigate d 
(·•••••• -) and nonirrigated (�) treatments. (a) Fraker and (b) 
Dal. Values are thS averages of six replications. L. S. D. 
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(-•·· ) and nonirrigated (-) treatments. (a) Froker and (b ) 
Dal. Values are th3 averages of five replications. L. S. D. 
(0. 05) = 0. 4 7  cm/cm between any two points on the curves. 
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cultivars differences in 1984 (Fig.7) , but in 1985 
cultivars responded differently to irrigated and 
nonirrigated treatments (Fig. 8) . At Highmore in 1985, 
cultivars responded differently for each treatment at each 
given depth. In nonirrigated treatments, Froker had a 
higher root density than Dal at the top (20 cm) and middle 
of the profile (50 cm to 80 cm) , but Dal had higher root 
densities than Froker at the lower fourth of the profile 
(90- 120 cm) (fig. 9) . 
Water Relations Measurements 
A .  Water Potential , O smotic Potential , Turgor Potential , 
and O smotic potential at Full Turgor 
The analysis of variance tables are given in Appendix 
Table 8 for water potential, solute potential, turgor 
potential, and solute potential at full turgor. 
Differences in water potential occurred at all sites 
in 1985 between the irrigated and nonirrigated plots. 
Measurements were made of water potential during the 
morning and midafternoon in 1985. At the Redfield site, 
morning measurements were higher (less negative) than 
midafternoon measurements by 0. 07 and 0.10 MPa for water 
potential and osmotic potential, respectiv�ly. Only the 
midafternoon values are given here since the trends across 
cultivars and treatments are similar (Table 19) .  Morning 
values are presented in Appendix Table 8. Differences in 
I 
8 4  
water potential and osmotic potential were dependent on 
cultivar and stage of measurement. 
There was essentially no difference in water 
potential measurements on June 13 at the tillering stage 
at Redfield. However, at later sampling dates (June 25 , 
and July 2) differences were observed between the 
irrigated and nonirrigated plots. There was a much 
smaller decrease in water potential for the Froker 
cultivar between the irrigated and nonirrigated plots 
(Table 19) . The analysis of variance indicated 
essentially no differences in turgor potential between 
treatments although there was a trend for more positive 
turgor potentials on the irrigated treatments (Table 19) . 
The differences observed in osmotic potential reflect 
differences in leaf dehydration occurring between the 
irrigated and nonirrigated plots as well as in cellular 
solute contents. Relative water contents during grain 
fill for the Redfield site are given in Table 20. 
Analysis of variance indicated that differences among 
cultivars were highly significant (Appendix Table 8 ) .  
However, differences were small between irrigated and 
nonirrigated plots. Relative water content was usually 
consistently lower in nonirrigated than irrigated plots. 
Generally, differences in RWC depended on cultivars. Lang 
had the highest RWC at 8 8% and 90% for morning and 
Table 19. Leaf water potential, and leaf osmotic 
potential and calculated turgor potential in the 
midafternoon of four cultivars of oats at different 
stages of growth . Redfield, 1985. 





Tillering Anthesis Grain Filling 
I .  N .  
I .  N .  I .  N .  
------------------ MP a 
0 . 50 0 . 42 0 . 44 0. 9 9  
0. 43 0 . 58 0. 69 1. 03 
0 . 40 0. 46 0. 63 1. 14 
0. 52 0 . 43 0 . 86 0. 96 
0. 82 
0. 6 7  
0. 62 
0. 81 
1 . 18 
1 . 03 
1 . 27 
0 . 88 
LSD (0 . 05) between any two values = 0. 4 MPa for 
water potential. 









I .  N .  
1. . 46 
1. 34 
0. 59 
1 .  29 
1 . 53 
1 . 27 
1 . 60 
1 . 37 
I .  N .  I .  N .  
1 .  81 
1 .  77 
1 . 98 
1 .  94 
MP a - - - - - - - - - - - - - -
2. 02 1. 57  1 . 89 
1. 92 1. 61 1 . 51 
1 . 98 1. 45 1 . 83 
2. 08 1. 3 7  1 . 85 
LSD (0. 05) between any two values = 0. 3 MPa for 
osmotic potential . 
Cultivar Turgor Potential ( 'i'p ) 1 





I .  N .  I .  
- - - - - - - - -- - - ---- MP a 
0. 96 1. 11 1 . 38 
0 . 92 0 . 70 1 . 08 
1 . 19 1 . 14 1. 36 
0 . 77 0 . 94 1 . 08 




1 . 12 





1Means are the averages of four replications. 
LSD (0 . 05) between any two values = 0. 6 MPa for 
turgor potential. 
N .  
0 . 71 
0 . 4 8  
0. 56 
0. 9 7  
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Ta b l e  2 0 .  Lea f r e l a t i v e wa t e r  c o n t e n t 
p e r c e n t  ( RWC% ) a t  t w o  t i m e s  f o r  d i f f e � e n t  
o a t c u l t i v a r s  d u r i n g t h e  g r a i n  f i l l i n g  s t n g e . 
R e d f i e l d , 1 9 8 5 . - - ------ ----- ------------------ -- ------- ----- ----
C u l t i v a r  M o r n i n g M i d a f t e r n o o n  
I .  N . 1 .  N .  
-------------- % ------------ ----
N o d a w a y  7 0  8 7 . 0  80 . 3  84 . 3  6 9 . 4  
La n g  8 7 . 8  8 7 . 1  8 8. 5 9 0. 4 
C h i e f  84 . 6  8 2 . 9  8 7 . 5  7 7 . 9  
B u r n e t t  8 8 ·. 3 8 2 . 2  7 9 . 2 8 6 . 2 
Da l 8 4 . 4 8 1 . 8  7 9 . 7 7 9 . 6 
F r o k e r  7 0. 7 7 8. 8 8 0. 5 7 4 . 5  
L S D  ( 0 . 0 5 )  b e t w e e n  a n y  t wo v a l u e s = 9 %  f o r  RWC . 
Ta b l j 2 1 . Le a f  o s mo t i c  p o t e n t i a l  a t  f u l l  t u r g o r  
( - 'i' ) o f  oa t c u l t i v a r s  a t  d i f f e r e n t  s t a g e s  o f  
g r owEh . R e d f i e l d , 1 9 8 5 . 
C u l t i v a r  Ti l l e r i n g  A n t h e s i s  G r a i n  Fi l l i n g  
I .  N .  I .  N .  I .  N.  
- --------- -- ---- MP a --- - - -- - - - - - - ----
N o d a w a y 7 0  
L a n g 
C h i e f  
B ur n e t t  
Da l 
F r o k e r 
1 . 5 2  1 . 5 2 1 . 38  1 . 4 2  
1 . 3 5 1 . 4 3 1 . 2 3 1 . 3 4  
1 . 3 5  1 . 4 3 1 . 3 3 1 . 3 7 
1 . 4 1  1 . 2 6 1 . 2 8 1 . 4 7  
1 . 2 9 1 . 2 3 1 . 2 7  1 . 2 3 
1 . 3 4 1 . 34 1 . 3 0  1 . 4 3  
1 . 3 8 
1 . 2 7 
1 . 1 6 
1 . 1 0 
1 . 4 7 
1 . 3 0 
1 . 4 6 
1 . 3 9 
L S D  ( 0 . 05 )  b e t we e n  a n y  two v a l u e s  a 0 . 1  MPa f o r  
o s mo t i c  p o t e n t i a l  a t  f u l l  t u r g o r . 
8 6  
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midafternoon, raspectively. Fraker had the lowest RWC at 
75% and 7 8% f o r  morning and �idafternoon, respectively. 
Osmotic . potential measurements made at full turgor are 
given in (Table 2 1 ). Analysis of variance indicated that 
differences among cultivars, treatments, and stages were 
highly significant. Differences were significant between 
cultivar x treatment x stage interaction (Appendix Table 
8). Solute measurements at full turgor had higher 
readings on the nonirrigated plots for all stages except 
for small differences at tillering. cultivars responded 
differently to water treatments for each stage. Lang had 
only small differences between irrigated and nonirrigated 
plots by 0. 0 8  MPa at the tillering stage, at anthesis the 
difference was higher by 0. 11 MPa. However, Fraker showed 
no difference at tillering, but large differences at 
anthesis of 0. 13 MPa. 
Analysis of variance of water potential, osmotic 
potential,. turgor potential, osmotic potential at full 
turgor, and RWC for Highmore site is presented in Appendix 
Table 9. In general, differences in water potential 
among cultivars, treatments, and stages were higher than 
in the Redfield site. Differences in water potential on 
June 14 at tillering stage were higher than at the 
anthesis stage on June 22. However, at the last sampling 
date (July 3, 19 85) the largest differences were observed 
8 8  
between the irrigated and nonirrigated plots (Table 22) . 
There was a much smaller decrease in water potential for 
Burnett, and Fra ker. The analysis of variance indicated 
turgor potential was different among cultivars (at 0.05 
probability level) , but there were no differences between 
treatment or their interactions. At tillering Fra ker had 
the highest turgor potential, but Burnett was higest at 
grain filling. Irrigated and nonirrigated plots were not 
significantly different in turgor potential, but there was 
a trend for more positive turgor potential on the 
irrigated treatment (Table 22) . The differences observed 
in osmotic potential reflect differences in leaf 
dehydration occurring between irrigated and nonirrigated 
plots as well as cellular solute accumulation. Relative 
water content during the grain fill for Highmore are given 
in (Table 23) . Differences were observed among cultivars 
and treatments. Differences in RWC were essentially 
depended on cultivar. Lang had the highest at 86%, and 
78% for morning and midafternoon, respectively. Chief had 
the lowest RWC at 75% in the morning, and Froker the 
lowest at 71% in the midafternoon. Osmotic potentials at 
full turgor are given in Table 24. Analysis of variance 
indicated differences between water treatments, and stages 
, but cultivars were not (Appendix Table 9) . Solute 
measurements at full turgor were lower (more negative) on 
Table 22. Leaf water potential, leaf osmotic 
potential measured in the midafternoon and 
claclualted turgor potential for cultivars of 
oats at different stages of growth. Highmore, 1 9 85. 






Tillering Anthesis Grain Filling 
N .  
- -- - - - - - -- - ----- MP a ----- - - - - - - - - - -- - -
0. 56 0. 94 0. 38 0. 61 0. 7 7  1. 13 
0. 67 0. 96 0. 65 0. 71 0. 64 1. 04 
0. 56 1. 00 0. 39 0. 61 0. 8 8  1. 37 
0. 68 0. 80 0. 42 0. 69 0. 68 1. 19 
LSD (0. 05) between any two values = 0. 4 MPa for 
water potential. 
Cultivar . Osmotic Potential (- Y ) 1 















I .  
1. 5 8  
1. 5 8  
1. 38 
1. 78 
N .  I .  N.  
MP a --- - - - - - - - - -- - - - -
1. 33 1. 34 1. 8 7  
1. 79 1. 82 2. 00 
1. 82 1. 65 1. 89 
1. 83 1. 85 1. 84 
LSD (0. 05) between any two values · =  0. 3 MPa for 
osmotic potential. 





Tillering Anthesis Grain Filling 
I .  
0. 78 
0. 84 












N. I. N. 
MP a ------- - - - - - - -- - -
1. 33 1. 0 7  0. 74 
1. 09 1. 18  0. 96 
1. 21 0. 77  0. 52 
1. 14 1. 1 7  0. 66 
1 Means are the averages of four replications. 
LSD (0. 05) between any two values = 0. 5 MPa for 
turgor potential. 
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Ta bl e 2 3 . Lea f r e l a t i v e wa t e r  c o n t e n t  p e r c e n t  
( R WC % ) a t  two  t i m e s  f o r  d i f f e r e n t o a t c u l t i v a r s  
d u r i n g  t h e  g r a i n  f i l l i n g  s t a g e . 
H i g h mo r e , 1 9 8 5  
C u l t i va r  M o r n i n g  · M i d a f t e r n o o n  
I .  N .  I .  N .  
----------- % ------------
N o d a wa y  7 0  8 2 . 3  7 7 . 4  7 4 . 7  7 0 . 3 
La n g  8 3 . 9  8 8 . 5  7 9 . 0  7 7 . 1  
Ch i e f  7 1 . 0  7 8 . 8  7 1 . 8 7 5 . 0  
Bu r n e t t  8 0 . 7 8 0 . 5  7 4 . 6  7 6 . 5  
D a l  8 2 . 2  7 8 . 0  7 5 . 1  7 5 . 1  
F r a k e r  8 1 . 1  7 4 . 4  7 2 . 9  69 . 9  
L S D  ( 0 . 0 5 )  b e t w e e n  a n y  two  val u e s = 7 %  f o r  RWC . 
Ta b l e  2 4 . O s mo t i c  p o t e n t i al  a t  f u l l t u r g o r  ( ­
o f  oa t c u l t i v a r s a t  d i f f e r e n t  s t a g e s  o f  g r ow t h .  
H i g hmo r e , 1 9 8 5 . 
C u l t i v a r  Ti l l e r i n g  A n t h e s i s  G ra i n  F i l l i n g  
I .  N .  I .  N .  I .  N. 
---------------------------------------------------
----------------- MPa ----------------
N o dawa y 7 0  1 . 1 1  1 . 4 1  1 . 1 8 1 . 3 4 1 . 3 8 1 .  4 2  
La n g  1 . 1 4 1 . 2 0 1 . 03 1 . 4 0 1 . 1 5 1 . 4 0 
C h i e f  1 . 2 8 1 . 4 3 1 . 1 3 1 . 3 7 i . 2 6 1 . 3 9 
B u r n e t t  1 . 1 6 1 . 1 8 1 . 0 7  1 . 3 0 1 . 2 9 1 . 4 0 
D a l  1 . 1 0 1 . 1 4 0 . 8 3 0 . 9 9 1 . 2 7 1 . 3 7  
F r a ke r 1 . 2 3 1 . 2 3 1 . 1 2 1 . 3 4 1 . 2 0 1 . 4 2  
I----------------------------------- --------------
Me a n s  are  t h e  a v e r a g e s  of  f o u r  r e p l i c a t i o n s . 
LS D ( 0 . 0 5 )  b e tw e e n  a n y  t wo v a l u e = 0 . 1 MPa f o r  
o s mo t i c  p o t e n t i a l  a t  f u l l  t u r g o r . 
9 0  
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nonirrigated plots for all stages. Greater differences 
between irrigated and nonirrigated treatments were 
observed during the grain fill stage. Differences· between 
irriiated and nonirrigated were highest �y 0. 25, and 0. 22 
MPa for Lang and Froker, respectively. At tillering 
stage, Nodaway 70, and Chief increased their solute 
measurements by 0. 30 and 0. 15 MPa, respectively (Table 
25) . 
Comparisons were made between cultivars for 
differences between the irrigated and nonirrigated 
treatments at Highmore site in 1985, and the germination 
stress index (GSI) at 1 MPa (Table 26). The GSI was 
higher than 50% for all cultivars except Burnett and Dal. 
Osmotic adjustment showed relationship with root density. 
Burnett and Froker had the highest root density (Table 
16). Lang and Froker had the highest osmotic adjustment 
at grain fill (Table 25); Nodaway 70 had the lowest 
osmotic adjustment at grain fil l (Table 25) and the lowest 
profile root density (Table 16). However, the association 
did not appear to be consistent across other cultivars. 
Chief had the lowest difference for grain yield between 
irrigated and nonirrigated and accumulated similar amounts 
of solutes during grain fill and tillering. 
Table 25. Difference in osmotic potential at full 
turgor between tillering and grain fill, irrigated 
and nonirrigated treatments at at grain fill and 
tillering. Highmore, 1985. 
Cultivar T. - G. F. 1 T. - G. F. G. F. T. 
I .  N .  I . - N .  
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------------------ MPa - ------ ----- -------
Nodaway 70 0. 27  0. 01 0. 04 
Lang - 0. 01 0. 20 0. 25 
Chief - 0. 02 -0. 04 0. 13 
Burnett 0. 13 0. 22 0. 11 
Dal 0. 1 7  0. 23 0. 10 
Fr aker - 0. 03 0. 19 0. 22 
�T = Tillering stage, G. F. = Grain fill stage. 
I =  Irrigated plots, N. = Nonirrigated plots. 
Table 26. GSI and relationship to the difference 
between irrigated and nonirrigated (I. - N. ) 
treatments for selected parameters from six oat 
cultivars. Highmore, 1985. 
0. 30 
0. 06 
0 . 15 





- N. ) 2 
GSI - - --------- - ----- ----- - - - - - - - -- - - --
Grain Effective Wt. / Root 
Yield Tillering Kernel Density 
----- --------------------------- 2 _________ _ _______  2 __  _ 
% Mg/ha No . Im mg Km/m 
Nodaway 70 55 2. 5 62 4 4. 0 
Lang 50 2. 5 224 1 3. 9 
Chief 56 0. 6 151 1 3. 9 
Burnett 30 2. 0 215 3 4. 5 
Dal 42 1. 2 122 1 3. 6 
Fr aker 50 1. 2 73 1 4. 7 
�GSI = Germination Stress Index. 
(I. - N. ) = (Irrigated - Nonirrigated) . 
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DISCUSSION 
The major objectives of this study were : (1) to 
evaluate a germination methodology for screening oat 
cultivar response to water stress; (2) to examine growth and 
development, and yield response of oat cultivars selected 
from the screening tests to water stress; (3) to determine 
the ability of the selected oat cultivars to osmotically 
adjust in response to water stress ; and (4) to examine the 
relationships between root characteristics and yield 
capacity under water stress. 
Cultivar differences in germination and radicle growth 
were evident. Ahraf and Abu - shakra (1978) and Richards 
(1978) concluded germinating cultivars under simulated 
moisture stress may be a useful procedure for identifying 
drought tolerant cultivars. However, other investigators 
(Blum, et al. 1980; Bouslama and Schapaugh, 1984) have 
indicated germination tests may not be a reliable procedure 
for identifying drought tolerant cultivars. There are 
distinct advantages of using seed germination as a tool for 
identifying drought resistance. It is a simple and 
effective laboratory method. High values of the germination 
stress index (GSI) indicate high rates of germination, and 
low values indicate low rates of germination (Bouslama and 
Schapaugh, 1984). The GSI for our study indicated the 
following : (I) genotypes from within the same maturity group 
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responded differently to osmotic stress during germination 
and early growth; (2) there were some cultivars which had 
faster rates of germination than others; and (3) GSI can be 
used to detect real genotypic differences in germination 
rates within and between each maturity group. 
Cultivars responded differently to an osmotically 
induced water stress. Some cultivars had the ability to 
withstand periods of osmotic stress, b ut others did not. 
This abili,ty may be related to water availability under 
stress which appears to be a major factor influencing the 
rate of germination and radicle growth. More negative 
osmotic potentials reduced water availability for plant 
growth. The germination for our study indicated decreased 
osmotic potential progressively delayed and redu ced 
germination. These results agree with (Helmerick and 
Pfeifer, 1954; Ashraf and Abu-Shakra, 1978) in wheat and 
(William et al., 196 7; Parmar and Moore, 196 8)  in corn. 
Radicle growth was s�ower with a decrease in osmotic 
potential. Relative reduction in radicle elongation 
depended on genotype and corresponded in general to the 
relative rankings in GSI. No significant differences were 
found between O and 0. 5 MPa in radicle growth. This 
indicates a slight reduction in the moisture level does not 
affect optimal root growth. These results are in agreement 
with findings of several workers (Pamar and Moore, 196 8)  in 
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corn and (Wright, 1962) in blue panic grass. Evaluation of 
seedling root length in oats by Wiebe and Murphy (19 83) 
indicated selection for long root length may have an 
advantage in early plant growth. 
The cultivars selected by taking the extremes for 
maturity groups based on the GSI rating, radicle growth, and 
past field observations in the oat breeding program were 
used to evaluate the utility of germination and radicle 
growth in oats through field experimentation. Several 
investigators have evaluated different crop cultivars in 
response to water stress, and found good agreement between 
seed germination under osmotic potential and field 
evaluations (Williams et al. , 19 76; Saint - Clair, 19 76; 
Hadas, 19 77) .  Saint - Clair (19 77) tested the ability of 11 
cultivars of wheat to germinate in polyethylene glycol (PEG) 
solution and concluded field drought tolerance of these 
cultivars was correlated with germination in solutions of 
PEG. 
Trends toward greater yield were observed for the 
cultivars selected for high rates of germination (GSI) and 
long radicle growth. The germination test of cultivar 
response to water stress was not dependent on maturity 
groups. The field experiment results also indicated 
differences among cultivars were not dependent on maturity 
group. Data from this study suggested cultivars could be 
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differentiated �ased on the following (1) cultivars 
differed in ·their root system 4istribution; and (2) 
cultiva�s differed in osmotic adjustment in response to 
water stress. For example, Froker, Lang and Chief were from 
different maturity groups, but showed osmotic adjustment and 
larger root systems in irrigated and nonirrigated plots. 
The two growing seasons, 19 84 and 1985, were different 
from each other. Only the May precipitation was below 
normal in 19 84. Total rainfall during the growing season 
was less in 1985 than in 19 84, and led. to stress. All 
cultivars exhibited similar growth and development under 
irrigated and nonirrigated treatments for all measurements 
in 19 8 4. These results were expected because of the above 
normal rainfall during this growing season. In 1985, there 
was below normal rainfall between tillering and grain 
filling stages at both locations. 
All cultivars exhibited similar vegetative growth 
under irr�gation but responded differently in the 
nonirrigated plots. The reduction of water within the plant 
can have an effect on photosynthesi� and translocation of 
photosynthate which inhibits growth and development. Data 
indicate growth and development (shoot dry weight and number 
of tillers) were lower in nonirrigated than in irrigated 
plots. 
9 7  
Water stress adversely affected shoot dry weight and 
tiller numbers for all cultivars. The shoot dry weight of 
nonirrigated plots decreased after anthesis in both 
locations presumably because of leaf senescence. Wat�r 
stress limited leaf and tiller development during vegetative 
growth. 
In this study final effective tillering was important 
in contributing to yield differences between irrigated and 
nonirrigated treatments. In the nonirrigated plots Lang, 
Nodaway 70, Chief, and Froker had the most effective tillers 
and Burnett and Dal the fewest. The cultivars with the 
highest number of tillers under water stress have the 
ability to avoid or tolerate short term water stress and 
produce more effective tillers. Winter wheat cultivars 
which were able to produce a relatively large number of 
tillers under water stress were considered drought tolerant 
by Keim and Kronstad (1981) . The cultivars Lang, Froker, and 
Chief may have withstood water stress by having large root 
densities and osmotically adjusting during reproductive 
development, and Nodaway 70 by osmotically adjusting at the 
tillering stage. 
No significant differences in grain and forage yields 
occurred between irrigated and nonirrigated plots in 1984, 
but differences occurred among cultivars in all 
measurements. The reduction of grain yield under irrigation 
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for all cultivars at Redfield in 1985 was primarily due to a 
high degree of lodging during the grain fill stage. Lodging 
can alter the amount of light reaching the leaf for 
photosynthesis . The reduction in yield on the irrigated 
treatments at Redfield was associated mainly with reduced 
weight per kernel. Indicating less movement of 
photosynthate into kernels as a result of lodging. 
Grain and forage yields were lower under the 
nonirrigated treatments at Highmore in 1985. Jurgens and 
Boyer (1978) concluded water stress affects both 
photosynthesis an� translocation which results in a decrease 
in grain yield. These reductions in photosynthesis and 
translocation result in reduced available assimilate in the 
grain fill stage and finally decreased forage and grain 
yields. 
Evidence for a relationship between root density and 
yield existed in Fra ker and Nodaway 70 in 19 84, and Lang and 
Dal in 1985 : (1) Freker and Lang had larger root systems 
than the other varieties and also had the highest yields in 
1984, and 19 85, respectively; (2) Nodaway 70, and Dal had 
the smallest root systems and also had the lowest yields at 
Redfield in 1984 and 1985, respectively . However, these 
relationships were not consistent for other cultivars. 
Large root systems benefit plants by extracting water and 
nutrients in solution from the soil . In nonirrigated plots, 
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Froker, Chief and Lang had the highest root densities for 
the entire profile and also had the h�ghest grain yield both 
years . These varieties may under mild stress : (1) be able 
to produce more roots and extract soil water by the larger 
root system. and (2) be able to extract · more water from the 
soil and produce higher grain yields. Hurd (19 74) compared 
wheat cultivars and found plants with more extensive root 
systems could exploit a large soil volumes, thereby making 
more effective use of soil water and produce higher grain 
yields. The ability of Froker, Chief and Lang to produce 
large root systems compared with others ( Nodaway 70, 
Burnett and Dal) was probably associated with adaptation to 
water stress. Further research is needed in order to breed 
for oat cultivars having large root systems. Furthermore, 
Froker, Lang and Chief had denser root systems in the upper 
soil layer (0. 4 m) than other cultivars. Low resistance to 
water uptake is associated with a large root density (Burch 
et. al. , 19 78). There was however, sufficient water 
remaining within the profile, particularly below 0. 4 m. 
This suggested the soil was never dry enough to cause a 
significant resistance to water uptake in 19 84. This 
conclusion was supported by measurements of soil water 
content during the growing season. 
Root density steadily decreased down to 1. 5 m. 
Average root density of the profile was much greater in the 
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top 0. 4 m than the lower profile in both years. The maximum 
rooting depth of mature oat was approximately 1. 4 m for both 
treatments (irrigated and nonirrigated) . Irrigation of oats 
appeared to encourage root growth in the soil layers above 
0. 4 m level. The difference in the soil water content 
between 19 84 and 19 85 probably led to the greater root 
distribution near the surface from O to 0. 4 m, in 1984 than 
in 19 85. Highmore had a higher root density than Redfield 
in 1985. This probably was due to the lower aeration 
porosity and higher bulk densities at Highmore. A deficiency 
of oxygen in the deeper layers of soil may have limited root 
growth and development. Data indicate that aeration 
porosity was quite low at Highmore dropping below the 10% 
level at 0. 6 m on the irrigated plots an d at 0. 9 m on the 
nonirrigated plots, and between 10-11% at 1. 2 m at Redfield 
for the entire growing season. The low porosity probably 
reduced the root growth in the lower horizons in Hi�hmore. 
Aeration porosities below 10% frequently limit root growth 
(Hillel, 1980) . 
High bulk density (Phillips and Kirkham, 1962; Taylor 
an d Gardner, 1963) has been reported to limit root 
development and penetration. Root growth limiting bulk 
d ensity values have varied from 1. 3 g/cm3 (Phillips and 
Kirkham, 1962) to 1. 9 g/cm3 (Tacket an d Pearson, 1964). In 
our experiments the average bulk density in which the root 
penetration stoppe� was higher than 1.3 8 g/cm3 and 1. 70 
g/cm3 for Redfield, and Highmore, 1985, respectively. 
large values indicate bulk density and soil aeration 
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problems from too much water could be a limiting factor in 
root penetration in these soils. 
Root development is predominantly downward in the 
absence of irrigation, while - irrigation results in much 
larger root systems in the upper soil layer. These results 
are consistent with studies on soybean roots (Michell and 
Russell, 1973; Allmaras et al, 1975; Willat and Taylor, 
1978; and Rasiah, 1983) and on sorghum root systems (Tear et 
al. 1973). Root data indicated nonirrigated treatments had 
higher root densities below 0. 4 m depth than irrigated 
treatments for both locations, but 1985 had higher root 
densities below 0. 4 m than 1984. 
Myers (1980), working with grain sorghum, pointed out 
that 86 to 8 7% of the root distribution was in the O to 0. 40 
m soil depth. In these experiments the average of root 
percentages for O to 0.4 m was 70% and 72% in Redfield, 
1984; 60 and 51% in Highmore 1985; for irrigation and 
nonirrigation, respectively. 
The results showed substantial differences in water 
potential and osmotic potential among cultivars, irrigated 
and nonirrigated treatments, and stage of growth. Water 
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potential and osmotic potential decreased in the 
nonirrigated treatments, and changed as plants matured, but 
only changed slightly in the irrigated treatments. The 
reason for decreased water potential, - and osmotic potential 
with age probably result from : (1) decreased root activity; 
(2) decreased soil water availability in the nonirrigated 
treatment; and (3) increased resistance to water flow in 
stems and leaves. Rudish et al. (1981) found in tomato 
plants water and osmotic potentials change with age, because 
plant age and soil moisture content changes simultaneously. 
Tiller production may be influenced more by water potential 
and especially turgor potential of the plant. Data in this 
study indicated higher tiller numbers were associated with 
irrigated plots which had lower water potential than 
nonirrigated plots. Tiller production is influenced more by 
the water potential of the plant than the soil (Adivdson and 
Chevalier, 1985) . 
Osmotic adjustment can be defined as active 
accumulation of solutes that leads to the maintenace of 
turgor at lower water potential, and hence continued plant 
growth. It is an adap€ive process that occurs in response 
to water stress. Differences in water potential between 
irrigated and nonirrigated treatments were always lower 
( more negative) for nonirrigated plots, especially at 
midafternoon. This decrease of water potential is 
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associated with a decrease in the osmotic potential due to 
solute accumulation. Turgor potential is maintained over 
the range of water potentials observed. Osmotic potential 
at full turgor means the measured solute potential at water 
potential = 0 or RWC = 100%. Turgor potential is partially 
or fully maintained by osmoregulation during water stress. 
Leaves with higher osmoregulation will have a higher water 
content at low water potentials (Morgan, 19 80a) . Data from 
this study showed osmotic adjustment occurred for Lang, 
Froker, and Chief cultivars by 0.25, 0. 22, and 0. 13 MPa, 
respectively during part of their life cycle (grai� fill, 
but not during tillering stage for Lang and Froker) , while 
at tillering stage, Nodaway 70 and Chief osmotically 
adjusted by 0 � 30 and 0. 15 MPa, respectively at Highmore in 
19 85. Our data indicated there was a tendency for osmotic 
adjustment to be associated with profile root density. Lang 
and Froker had the highest root density and osmotic 
adjustment. Nodaway 70 had the lowest osmotic adjustment at 
grain fill and lowest profile root density. 
The relationships between radicle growth from 
screening tests and root system size showed Froker and Chief 
had longer radicle lengths and this corresponded to field 
observations in the nonirrigated plots. Germination stress 
index (GSI) was lower than 50% for Burnett and Dal. This 
lowering was associated with osmotic adjustment. Chief 
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showed the lowest difference in grain yield and consistent 
solute accumulation between irrigated and nonirrigated 
treatments during growth and development. The ability to 
germinate quickly and rapidly elongate under osmotic stress 
may be related to the ability to lower osmotic potentials in 
response to water stress. Grain fill is a process which is 
strongly driven by osmotic gradients across cell membranes 
(Westgate and Boyer, 1986 ) .  Although the association 
between GSI and osmotic adjustment was not perfect there was 
an indication that a seedling test may be useful to 
initially screen for this trait. 
Osmotic adjustment changes with age from tillering to 
grain fill stages. Our data indicated that osmotic 
adjustment decreased with age for all cultivars except 
Nodaway 70. This probably was due to an association of 
stress with development. It is possible that leaves are 
influenced by factors affecting the supply of assimilates to 
the leaf such as a declining rate of photosynthesis of older 
leaves (Morgan, 1984). Lower osmotic potential at full 
turgor improves the ability of the plant to tolerate lower 
water potentials. Data showed osmotic adjustment varied 
from - 0. 13 for Chief to -0. 25 MPa for Lang at grain fill 
stage, but at tillering stage ranged from -0. 15 for Chief to 
-0. 30 MPa for Nodaway 70. However, in wheat for example, 
the osmotic potential at full turgor may vary from - 1. 2 to 
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-2. 0 MPa for g�eenhouse and field studies, respectively 
(Morgan, 19 77) .  Osmotic adju�tment between osmotic 
poten�ials of -2. 0 and -2. 5 varied from -0. 25 to -0. 05 MPa 
for high and low osmotic adjusting wheat lines, respectively 
(Morgan, 19 83) . At Highmore, relationships between osmotic 
adjustment and effective tillering or grain yield and root 
systems are evident. Lang, Chief and Froker had greater 
effective tillering, grain yields and root systems under 
water stress. Morgan (1980a) in wheat and Wright et. al. 
(19 83) in sorghum found that differences in osmotic 
adjustment were associated with the number of tillers 
initiated, the number of those which survived to maturity, 
and number of kernels per tiller. The results from this 
study indicate that although those lines which showed the 
highest osmotic adjustment also had a high number of 
effective tillers there was little consistency for other 
lines. Additionally no trend could be found for number of 
panicles _ at maturity or number of kernels per panicle. 
The cultivars with higher root densities, Lang, Chief, 
and Froker, had higher osmotic adjustmen� under stress 
conditions. Jones and Rawson (1979) found sorghum plants 
adjusted osmotically by -0. 2 and -0. 5 bars MPa. They 
concluded osomtic adjustment plays a role in the adjustment 
of stomata to water stress. It may be that was also the case 
in Lang, Froker and Chief. Osmotic adjustment mainta� ns 
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higher stomatal conductance at lower leaf potentials in 
plants that adjust osmotically than plants which do not 
adjust osmotically. Turner et al. (1978) showed in sorghum 
and soybean a decrease in water potential at which a 
stomatal resistance of 0. 17 cm/s was reached as water stress 
developed. Further work is needed to investigate osmotic 
adjustment and stomatal conductance relationships. Campbell 
et. al. (19 79) used leaves from three winter winter wheat 
cultivars under moderate, high and low stress environments 
and foun� osmotic adjustment occurs from both (1) cell 
volume changes, and (2) solute changes. Further study is 
needed in oats to measure solute content and cell volume to 
determine if osmotic potential is due to either changes in 
cell volume, solute content or both. Cultivar differences 
in grain yield recorded in the two locations appeared to 
result from a combination of interacting plant factors such 
as number of effective tillers, weight per kernel, plant 
height, larger root systems and osmotic adjustment. 
Oat production under limited moisture conditions or 
under conditions of high transpiration demand might be 
increased in three wa y s : (1) ·by increasing the number of 
tillers that produce seed bearing panicles; (2) by 
increasing the size of the root system; and (3) by breeding 
for cultivars that osmotically adjust when water stressed. 
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SUMMARY AND CONCLUSIONS 
The germination and radic�e growth of fourteen 
different cultivars of oat [ Avena sativa L. ] were studied 
under different osmotic potentials under simulated water 
stress conditions. D-mannitol was used to induced different 
osmotic potentials. These screening tests involved: (1) 
germinat�ng seed in mannitol at different levels of osmotic 
potential, 0, 05, 1. 0, and 1.5 MPa for six days; (2) 
measurements of radicle length of the seedling at the end of 
six days in the same level of osmotic potential. Cultivars 
responded differently to different osmot ic potentials. The 
rate of germination was expressed in terms of germination 
stress index (GSI) . The germination and radicle growth of 
thB cultivars, Nodaway 70, Chief and Fraker gave a faster 
rate or higher GSI and longer radicle length when compared 
with the germination and radicle growth of Lang, Burnett and 
Dal. Six selected cultivars were tested under irrigated and 
nonirrigated conditions in the field during the 1984 and 
19 85 growing season to determine the effects of water stress 
on these cultivars in respect to growth and development, 
yield, root distribution, and water relations. 
Growth as measured by shoot dry weight and number of 
tillers was reduced significantly by water stress. Grain 
and forage yields were reduced significantly by stress and 
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cultivars responded differently to stress in both locations 
in 1985, but not in 1984. 
The irrigation of o�ts appeared to encourage root 
growth in the soil above 0. 4 m. This study showed Freker, 
Lang and Chief had a more extensive roots than the other 
cultivars and also had higher yields. Data suggested there 
were different factors affecting root growth and development 
such as water supply, aeration porosity, bulk density and 
osmotic adjustment. 
Osmotic adjustment occurred for Lang , Froker and Chief 
during the grain fill stage, Nodaway and Chief osmotically 
adjusted during the tillering stage. Osmotic adjustment 
decreased with age for all cultivars except for Nodaway 70. 
Differences in osmotic adjustment were associated with the 
number of tillers, final grain yield and root density. 
The relationship of the GSI with our field evaluation 
indicated some relationship with osmotic adjustment, and 
root distribution. The possible use of a germination test 
for early screening for these traits should be investigated 
more thoroughly with a wider number of entries. 
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App endix Figure 1.  The relat ionsh ips between root 
count ( RC )  us ing core break method and root lengt h 
( RL )  es t imated us ing Newmans met hod. Red f i eld , 1984. 
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Appendix 2 (continued) 
Appendix Table 2b. 
Weather data for the study site •. Highmore, 19 85. 
Month 
Precipitation (mm. ) Temperature (degrees C) 
Precip. Normal Departure Average Average Average 
Precip. from Daily Daily Monthly 
1951-19 80 Normal Maximum Minimum Mean -----------------------------------------------------------
April 11. 4 52. 8 -41. 4 20. 1 0. 9 10. 5 
May 54. 6  68. 3 -13. 7 26. 8 8. 1 17. 5 
June 62. 0 83. 3 -21 .3 25. 4 9. 1 17. 3  
July 115. 6 65. 3 +50. 3 33. 1 14. 6 23. 9 ------ ------ ------
Total 243. 6 269. 8 -26. 2 
Appendix 2 (Continued) 
Appendix Table 2c. Means of bulk density (Mg/m3) 
of silt loam (Beotia) , and loam soil (Glenham-Java) 
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The values are an average of four replications. 
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Appendix  Table 3 .  
Appendix 3a . Analys is  o f  variance for gra i n  y ie ld  ( Mg/ ha ) 
at Redf ield  i n  1984 . 
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Appendix 3 ( cont inued ) 
Appendix 3b . Analysis  of  vari ance for forage y ie ld  ( ij  at Redfield  in  1984 . 
R : DF I F.LO  E XPlR 84 
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Appendix 3 ( cont i nued ) 
Appendix  3c . Analys is  o f  variance for grai n  y ie l d  ( Mg/ ha ) 
at Redfield in  1985 . 
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Appendix  3 ( cont i nued ) 2 
Appendix 3d .  Analys is o f  variance for forage y i eld  ( Kg/m ) 
at Redf ield  i n  1985 . 
KEUF I E LO E XPER  8 5  
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Appendix 3 ( CONTI NUED ) . 2 Appendix  3f .  Analys is  of  var iance for forage y ie l d  ( Kg/m )  
at Highmore i n  1 98 5 .  
H l �HHORE EXPlR  8 5  
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"IUOl:l Jl  l 29 tt . 9 35 3 l 4 l9 't0. 5'i l  1 265 7 l e 50 O e O l l 't  O e 8't l 96 l  l 1 . lt 1 16 
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Appendix 3 ( cont inued ) 
Appendix 3e . Analysis  of  var i ance for grain  y ie l d  ( Mg/ ha ) at Hi ghmore i n  1 985 . 
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Ap p e n d i x  Ta b l e  4 .  
Yi e l d  q ua l i t i e s  o f  s i x  d i f f e r e n t  c u l t i v a r s  o f  o a t s  
wi t h  i r r i g a t ed a n d  n o n i r r i g a t e d  t r e a t m en t s . 
R e d f i e l d , 1984 . 
c�1��;;;--T;;�-w�� 1----G;�;�------;;��;�;-------o�i-----
No d aw a y  70 
. La n g  
Ch i e f  
B u rn e t t  
D a l  
Fr ok e r  
I .  N .  
l b / b u - -
34  3 5  
3 4  3 4  
3 4  3 5  
3 4  3 5  
3 5  3 6  
3 6  3 5  
I .  N.  
65 7 1  
5 8  78  
64 63 
62 5 9  
62 60 
60 67 
I .  
1 2 . 4  
1 1 . 5 
12 . 1  
13 . 1  
14 . 1  
10 . 9  
N.  I .  N .  
% - ---------------
1 1 . 2 6 . 4 6 . 0  
1 1 . 3  7 . 2  7 . 4 
1 1 . 8  6 . 5 6 . 4 
9 . 9  6 . 4 5 . 9  
13 . 3  9 . 2  9 . 3  
12 . 3  6 . 3 6 . 7 
1T h e  m e a n s a r e  t h e  a v e r a g e  o f  f o u r  r e p l i c a t i o n s . 
L S D  (0 . 0 5 ) b e tw e en a n y  two v a l u e s = 1 . 4 ,  6 ,  3 . 4 , a n d  
1 . 5  f o r  t e s t  wt . ,  g r o a t , p r o t e i n , an d o i l  p e r c e n t a g e s , 
r e s p e c t i v e l y .  
R e d f i e l d , 1 9 8 5 . 
c�1��;;;----T;;�-w�� 1----G;�;�----;;�����- ------0�1-----
I .  N .  I .  N .  I .  N .  I .  N .  --------------------------------------------------------
- - l b / bu -- --------------- % --------
N o d aw a y  70 3 4  3 7  65 65 14 . 1  13 . 2  7 . 5  6 . 9 
Lang  3 2  3 5  61 60 13 . 8  14 . 0  7 . 8  8 . 4  
Ch i e f  3 4  3 7  66 66 15 . 3  1 5 . 9  6 . 8 6 . 8 
B u rn e t t  3 3  3 7  5 8  61 18 . 1  1 7 . 2  9 . 5 9 . 7  
Dal  3 3  3 7  5 8 61 18 . 1  17 . 2  9 . 5  9 . 7  
F r o k e r  3 1  3 7  61 62 14 . 3  14 . 4  6 . 9 7 . 0 
1The  m e a n s  a r e  t h e  a v e ra g e  o f  s i x  r e p l i c a t i o n s . 
LS D (0 . 0 5 ) b e twe e n  a n y  two  v a l u e s = 1 ,  6 ,  2 . 3 ,  a n d  0 . 8  f o r  
t e s t  w t . g r o a t , p r o t e i n , a n d  o i l  p e r c e n t a g e s , r e s p e c t i v e l y . 
Appendix 4. (continued) 
Highmore, 19 85. 







I .  N .  I .  N.  I .  
- -lb/bu ----------------
34 37 72 69 15. 0 
34 35 58 64 13. 0 
35 37 67 .  70 14. 2  
36 37 63 6 1  15. 3 
35 36 66 63 17. 1 
35 36 66 63 13. 6 
N .  I .  N .  
% ---------------
14. 1 6. 5 7. 0 
15. 5 7. 4 8. 3 
14. 7 6. 2 6. 9 
15. 5 6. 6 7. 3 
18.2 9. 0 8. 9 
15. 1 6. 1- 6. 8 
1The values are the- average of five replications. 
LSD (0. 05) between any two values = 1.2, 6, 1. 9, 
and_ 1 for test wt. groat, protein, oil percentages, 
respectively. 
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Appendix table 5. 
Plant height of six cultivars of oats with i r rigated 











1 1 7 105 
111 100 
116 109 





I .  N .  
-------------
101 8 3  
90 73 
99 85 
98 9 1  
98 9 1  
106 92 
1The means are the averages of six and five 
replications for Redfield and Highmore, respectively. 
LSD (0. 05) between any two values = 4, and 5 cm for 
Redfield and Highmore, respectively. 
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Appendix 7c . Analysis  of vari ance for root dens ity  ( cm/ cm3 ) at 
Highmore in 1 985 . 
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Appendix Ba . Analys is of var i ance for osmot i c  potent ial  
at  Redf ield  i n  1 985 . 
( - '¥ ) s 
H E OF J ELO  E X P E R  8 5  
ANAL Y S I S  O F  VAR I ANC E PROC E DURE 
20 : )6 T HUR SUAY , JUL Y 1 7 , 1 ?8 6  
Ot P ENOEN T VAR l AlilE I OPT 
SOURCE  Of SUM OF SUUAR E S  ME AN SUUA RE  HOOH l J Z l 70't e 't 5 6 Z 1 1 90 9 e 9096't l l S EkRUR u u . 1 0 1 1 a e n  't e 58't't099', CUAHEC TED TOT Al 1 9 1 1 19 1 .  5610666 7 
SOUM C E  OF APWVA S S  F VALUE . PR > F T A T  l 1 38 . 0t,08 ) ) 3 )  3 0 .  l l  0 . 000 1 VAA 3 2 " e 81 H Z 3 7 S O  1 . u 0 . 1 795 l M hVAR ) 1 1 .  l 8 7 8 J08 3 0 . 89 O e 't660 T I M t l 4 9 . 0860 7 500 1 0 . 1 1 O . OO'tO TR h T I  Ht: l 't e  7 3 76 H 3 3  1 . o J  0 .
1
1 2 1 VAR o T  I Ht: 
l 1 9. 9 1 08 10 8 )  l . 't 5  o .  6 0 3  T R T o VA h T I HE a . 0 1 10 , z s o  o . s 9  0 . 6 )0 7  S J A GE z 9" 7 . 9812 1 9 79 1 0 3 . 39 0 . 00 0 1  Tuo p •GE 2 lt l . j0l9f 22 9  't e 60 O e 02 � 't  VAh f AGE 6 J S .  
)
1 5  1 1:1 8 t . 30 0 . 30 l T k T o VAlto S TAGE 6 1 8 .  t 29 760't 0 .66 0 . 6 8 3 3  T I MH S UGE l ) . 11"60'906 3 O . 't 2  0 . 6 6 3 3  TR T o  T I  Mt • t 
uci 2 l j . 99 5 76979  A •"l 0 . 2668 VAh T I ME o  T AG 6 l e l605S I O't . 6 )  0 . 7 0 3 8  TH T OVARO T I HE O S TACE 6 l l . 8 96"2 1 8 7  o . t, 1  0 . 8 " 8 1 R E P  3 3 . 4899 1 92 1 0 . 2 s  0 . 9 5 7 1  J J A<i E o R t ;P  t u- zw.,. u 1 o. e l o . 1 1p I ME •R EP e l l 66 11 H  l .  l o. 1 0 VA A o R E P  9 lt9.  l 1  l 56995 1 . 1 9  o .  3 5 4 7  TR  h R E P  ) l l . S 9 78 J J J 8  0 . 9 2 O e " 5 l 9  T I ME O � UCUREP 6 't e l 2 't l 2 7 l 8  0 . 1 5  0 . 91168 f AAoS J AGhA E P  l 8  2 8 . ) 9 507 3 " 5  o .  ) 't  0 . 986 1 M h S t AC.f O R E P  6 3 l e 8 9 l 't06 1 5  l e l b  0 . 3 61:1 0  VARo T J Hf 0M E P  9 l l e 6 l 't6l 3't6 0 . 5 7  0 . 11 0 3 1  T M T o T I Ml: OREP  3 't e 8685B568 O . ) S  o . i e6 a  T R T o VAhA r 9 3 S e l 8 1 5 1 1 j9 o . a s  o .  798 VAR 0 J I ME o  TAGE o R f P  1 1  66 . 8 14632  2 0 a 86 O a 6l l 8  f k T 0 T I Ht O S f AG E OR E P  6 8 e 8 Z l 6 H U  0 . 12 0 . 9 1 110 f H T o v � R o f f AG E o R E P  1 8  2 9 . 6 1 9 3 8028 0 . 36 0 . 9 8 2 8  fH h VAlt o  I HE O R E P  9 2 l . 2 64 1 199 1 o . sz 0 . 8't 5 5  
TE S J S  OF HYPO T HE S E S  U S I NG T H E  ANOVA MS FOR VA R O R E P  A S  AN E RROR f EkH SuUH C E  OF ANOVA S S  F VA LUE PR > f VAA 3 2't e H 72 3 75U l e Sl o . z 1 s 2  
F VALUE 
2 . 1 6  
P R  > f 
O e 026't 
ROOT M S E  
l • l 't l l l 35 2  
R - SOUAR E 
O e 95 l 38 l  
c . v . 
l l . 2't68 
OP T H E AN 





Appendix  8 a  ( cont inued ) 
Tt: S T S  OF HYPOTHE S c S  US I NG THE ANOVA MS FOR TR ToR EP AS ... E lt ROI< TERM  
SOURC E  OF . ANOVA SS  F VALUE PR > F 
T R T  l l l e 6 l 't 7505 Z s . z 1 0 . 1 06 7  
TE S T S  OF HYPOT H E S E S  US I NG THE ANOVA MS FOR ST  AGE •R E P  AS  A N  E RROR TER�  
SOURC E  OF ANOYA S S  F V A LUE PR > F 
S TAG.E z 't Z 8 e it9 745760't 5 0 . Z O 0. 00oz 
T E S T S  OF HYPOTHE S E S  US I NG THE  ANOVA  MS  FOR T I ME•rtEP  AS  AN  ERRUR TERM  
SOURCE  OF ANOVA S S  F VALUE PR > F 
T I ME l l 7 e 6 l 1 5 75 5 Z  1 0 . 9 7  O . O it 5 3  
T E S T S  OF HYPOT1-4E S E S  US I NG THE ANOVA MS  FOR TRTOVAR•REP  A S  AN ERROR T ERM 
SOURC E  OF ANOVA S S  F II A LUE PR > F 
T R T • VAR  3 Z 5 e 5 2969 3 2 3  z .o .. 0. 1 7 8 2  
T E S T S  OF HYPl)T HE S E S  US I NG THE A NO V A  M S  FOR VAR•S T AGE •REP AS  AN E R ROR T ERM 
SOURCE: OF ANOVA S S  F VALUE PR >  F 
VAR o S T AGE 6 ZZ . 38 5 7 7 396 O e 9 l o. 5 1 1 9 
TE S T S OF HYPOTHE S E S  US I NG THE ANOVA MS FOR VAR•T I ME •R EP AS  AN E RROR TERM  
SOURC1: OF  ANOVA S S  F V A LUE PR > F 
VAR oT I ME 3 l 't e l 3 l 3 5 1 56 2 . 1 0  Oe l 6 Z l  
T E S T S  OF HYPOT HE S E S  US I NG THE ANOVA M S  FOR TR T • S TAGE•REP AS AN E RROR T ERM  
SuUR C E  OF ANUVA S S  F VA LUE PR > F 
T R T o S T ACaE z 30e 76't9 3 8 5't 2 . 99 0 . 1 Z 51t 
T E S T S  OF HYPOTHE SE S US I N� THE Al-40VA "'s FOR TA. ToT I ME OR l:P AS AN E RRIJR TERM  
SOURCE OF ANOVA S S  F " A LUE PR > F 
TR  To T I MI: l O e 3 7 a9630Z 0 . 1 1  0. 1060 
T E S T S  OF HYPOTH E S E S US I NG THE ANOVA "4S  FOR  TA.T OVAR • S T AG E •R E P  AS  AN E ltROR T E lt M  
SOURCE  OF ANOVA S S  F VALUE PR > F 
TRTOVAR o S T AGE 6 4 1 . 42 8 2 3 646 l e 49 o. z 3 a4 
T E S T S OF HYPOTHE S E S  US I NG THE ANOV A M S FOR TRT •VAR •T l MEoRE P A S  AN ERROR TER M 
SOURCE OF ANOV A S S  F VALUE PR > F 
TRToVARo T I ME 3 'te 1 99955 7 3  o . a 9  O e it 8 46 
Tl: S T S  OF HYPOTHE S E S  US I NG THE  ANOVA MS  FOR  VARo T I ME•S TA�E•R E P  AS  AN  ERltOR  TERM  
SOURC E OF A�OVA SS  F VALUE PR > F 
VAR oT I ,.t: • STAGE 6 1 3. 6 1 1 0 2 1 8 7  a . so o . aoz5 
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Ap p endix Tab l e  8 c. 
Leaf wate r p o tential, and l eaf osmo ti c p o tential measur e d  
in the mo rning and cal culated tu rgo r p o tential o f  f our 
cultivars of oats at dif f e r ent stages o f  gr owth. 
Red fie l d, 1985. 
cul tivar . - Wate r Po tential (- 1i'w.)
1 
. 




Froke r  
I .  




N .  
0. 35 
0. 3 3  
0.50 
0. 3 1  
I .  
0. 6 2  
0. 6 2  
0. 5 6  
0. 54 
N. I .  N.  
MP  a ------- ----------
1. 0 1  0. 7 1  1.2 0  
0.8 1 0. 6 7  1.2 6  
0.7 8 0. 6 8  1.1 7 
1 .0 2  0. 7 0  0.9 7 
LS D (0. 05) b e twe en any two values = 0. 4 MPa fo r wate r 
p o tential. 
Cul tivar Osmotic Po tential ( - 'i'J
1 





I .  N .  I .  N.  I .  N .  
----------------- MP a ------------------
1. 3 8  1. 35 1. 60 . 1.99 1 . 4 7  1. 7 1  
1 . 2 3  1.35 1. 8 3  2.1 0 1 .55 1. 4 7  
1 . 2 7  1. 3 3  1. 6 8  1.0 2  1 . 4 5 1. 69 
1 .2 0  1. 2 7  1. 7 2  2.0 2 1 . 3 6 1. 6 2  ------------------------. ------------------------------
LSD (0. 05) b e twe en any two values = 0.3 MPa f o r  osmotic 
p o tential. 
Cul ti var Turgo r Potential ( '¼' ) 1 
Til l e ring Anth esis Grai� Fil l ing 
I .  N. I .  N.  I .  N.  
------------------ MPa -----------------
Chie f 1. 0 2 1. 00 0.99 0.99 0. 7 6  0.5 1 
Burnett 0. 8 8  1.0 2 1. 2 1  1. 3 0  0. 7 2  0.29 
Dal 0.9 8  0 . _8 3  1. 1 2  1. 25 0.7 7 0.5 2 
Froker  0.8 5 0.96 1.1 8 1. 0 1  0.6 6 0.6 5 
1 Means ar e th e ave rages o f  f our r e p licati ons. 
LS D (0.0 5) b etwe en any two values = 0.6 MPa f o r  turgo r 
p otential. 
---
Appendix 9 .  
Appendix 9a . Analys i s  o f  var i ance for osmot ic  pot ent i a l  ( - �8 ) at Highmore in 1 985 . 
H I GHMORE E X P E R  A S 
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F VALUE 
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O e U l 5 2  
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l • H00b 505  
R - SQUARE  
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c . v .  
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Appendix 9a ( cont inued ) 
T E: S T S  OF HYPOTHE SE S U S I NC THE ANOVA MS FOR Tlt hREP AS  AN Est ROR T EMM 
SOURC E OF ANOVA S S  F VALUE PR > F 
TRT  1 3 8 . 0lt08 3 3 3 3  3 2 . 8 7 0 . 0 1 0 5  
T E: S T S  OF HYPO T HE SE S US I NC THE  ANOVA "'S  FOR STACE •R E P  A S  A N  ERROR T E R M  
SOURC E OF ANOVA S S  F VA LUE PR > F 
S TAGE z 91t 7 . 98 2 2 1979 1 2 7 . 7 )  0 . 000 1 
T E S T S  OF HY POTHE SE S US I NC T H E  ANOVA MS FOR T I MEoREP  AS AN E RROil T ER M  
S OURC E OF ANOVA SS  F V A LUE PR > F 
T I 14t: l lt9. 08607 500 9 . 6 8  0 . 05 28 
T E S T S  OF HYPOT HE SES US I NC THE ANOVA MS FOR TRT•VAR•REP  AS  AN �RROR T E R M  
SOURC E  OF ANOVA SS F VALUE PR > F 
TRToVAR  3 i z . 1 8 78708 3 1 .01t 0 . 4 2 1 0  
T c S T S  OF  HYPOTHE SE S US I NG THE  ANOV A MS FOR VAR• STAGE•R E P  AS  AN E R ROR T ERM 
SOURC E OF ANOVA S S  F VALUE P R  > F 
VAR o S T AC. E  6 3 5 . 7 1 1 5 7 1 88 3 . 7 7  0 . 0 1 3 1 
T E S T S OF HYPOTHE SES  US I NG THE ANOVA MS FOk VA�• T I ME•REP  AS  AN E RR Oil T ER M  
SOURCE  OF ANOVA SS  F VA LUE PR >  F 
VARo T l ME 3 1 9 . 9 1 0 8 7083  z . 5 3  o . 1 2 ze 
T E S T S  OF HYPOTHE S c S  US I NG T H E  ANOVA MS  FOR TRT•STAGE•RE P A S  AN E R ROR T ERM 
SOUMC E UF ANOVA S S  F VALUE P R > F 
TRToS TACE z 1t2 . Z0298 Z 29 3 . 9 7  0 . 0 797  
T E S T S  OF HYPOTHE SE S US I NG THE  ANOVA M S  FOR  TR T o T I ME • R E P  A S  AN E RROR T t: R M  
SUURCt: OF AtilOVA SS F VALUE P R > F 
TRT• T I ME l It• 7 3 76 3 3 3 3  2 . • 2  0 . 1 86 1  
T E S T S  OF HYPOT HE SE S  U S I NG THE  ANOVA MS FOR TRT •VAR•STAGE•R E P  A S  AN E RROR TE RM 
SOURCE  OF AtilOYA SS  F VALUE PR > F 
TkToVARo S T AC E  6 l 8 e l ZZ97604 1 . a1t 0 e l it84 
T E S T S  OF HYPOTHE S E S  U S I NC THE ANOVA MS FOR TRT•VAR • T I MEORE P A S  AN E RR OR TERM 
SOURCE OF AHOVA S S  F VALUE Pit > F 
TRToVAR• T l ME ) 1 . 0 1 10 1 250 1 . 1 1t  O e 3 84't 
T E S T S  OF HYPOTHE S E S  US I NG THE ANOVA MS FOR VAR• T I ME • S T AGE •R EP A S  AN E RROR T E RM 
SOURCE DF ANOVA S S  f VALUE P R > F 




Appendix  gb� Analys is  of  variance for osmot ic pot ent ia l  at ful l  turgor 
( - ,! ) at Highmore in  1 985. 
tt l l,tlH/lRF. EllPt:R  AS 
ANAL Y S I S  �f VAR I ANCE PMOCEOUR E 
OtPtNOENJ  YAR I A8LE 1 HUP JF  
1 6 t ltl SU�OA Y ,  HARCH 10 , 1 986 
SUUk(f  lJF SUH UF SQUA't E S  HF AN SUUARE F VALUE PR > F R - SOµARE c . v .  
MlJOE L 1 1  U 8 e 90309896 8 . 8 1 69l J 3t> 3 . 6 1  0 . 00 1 6  0 . 91t0 U l  l l . 9 U6 
E RROR I ll  'e 1 e l l  1 4' 1 6U Z e lt00995 J J AOOJ H S E  '40P l F  ME A i• 
CORK CC fl:O  TOT AL 'i S  l ll e l l l 'l l lJU l e 51t95 l lt �• 6 .  1609 H 50 
SUUM� I:  lJF ANOVA S S  F VALUE PM > F 
VAR l l0. 980H"19  • •  , z  0el<tl l 
T k f  l 1 5 1 e H 81 5 1 0ft 6 3 .05 0 . 000 1 su.,e l 216 . 69�50000 1t5 . U  0 . 000} AEP l l e l't lt'ilt Jff 4 . 6 .  0 . 0 1 3 
S U(;fe:REP e, t ' • ll9t>" 5Ul 1 . 21t  0 . 1 3 1 5  VAR ♦ T R T  l l e 612 1 6 1 't6 1 • 6 1  0 e ll l 0  
VAh SJ A(,E 6 p - 9�615 8 1 :S  . 5 9 De f069 VAR oRlP  9 6 . 5  l J601t .61  o. 632  
f ll h S UC.E l f 5 e 9908 H l l  1 . 3 1  o.y511 fk T♦REP  3 J . SUBZ ll l l  I ·" o. 619  VAh TllhJUC.J 6 4 1 • 1 1)19 l«> 1  
·r 
o. w,f 
vu.sue; UE l 8  } •12  0 11  l l  z .  l 0e05'J VAh fR hREP 9 l e 9501tltZ JA 1 .  9 o. 1ose f R T ♦ S UGEHEP 6 1 0 . 5 356250 o .  J o.uo, 
T�STS  Of  HYPOTHE SE S U S I NG lHE  A�OVA HS  FOR VAR•REP A S  AN  E RROil TERM 
SOURCE  OF  ANOVA SS  F VALUE PR > F 
VAR 3 l 0 e 980it91t Jff 0. 90 Oe4 U l  
f l S f S  Of HYPOTHE SES  US ING THE AijOVA M S  FOR TA T •AEP  A S  A N  E RROR TERH 
SUUkCE OF ANOVA S S  F VALUE PR > F 
Tk T I 1 5 l e J J 8 l S l 0lt l l . lt  I 0 . 0 1 0 1  
T l: S T S  O F  HYt'OJHE it S U S I �  T H E  ANOVA HS  fOR S hGhltCP A$  A H  ERROR TEA� 
5UUkCE  OF A�OVA S S  F YALU£ PR > F 
S f AliE l 2 1 , . ,,zsoooo 36 . ll 0 . 000., 
� 
� T E S J S  OF HYPOTHE SE S U S I NG THE  ANOVA �S FOR VAR• JR J•REP  A S  AN ERROR JER� 00 
SOUACl: OF A-.UVA S S  F VALUt PR >  F 
VAh T R J  J_ l l eet JZ l f, 1 .,6 l e 2 5  0 e lltlb 
T f S T S  OF HYPOTHE SES  US I NG THE ANOVA MS  FOR VAR• S JAGE•REP AS  A� ERROA JERH 
SOURCE lJF ANOVA SS F VALUE PR > F 
VAR • S JAc;E 6 lle' 1 6"5 U J  0 . 75 0., 1 1 1  
] 
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Ap p end ix Tabl e 9 c. 
Leaf wat er p o t ent ial, l eaf o smo t i c  p o t ent ial measured 
in t h e  m orning and cal culat ed  turg or p o t ent ial for 
f our cul t ivars of  oat s at  d i f f erent s tag e s  of  growth. 
Hi ghmore, 1 9 8 5. 
Cul t ivar · Wat er Po t ent ial f- fw ) 1 
Ch i e f  
Burne t t  
Dal 
Frak er 
T i l l e r ing Anth e s i s Grain F i l l ing 
I .  
0. 5 9  
0. 7 4  
0. 7 4  
0. 6 2  
N .  
1 . 06 
0. 8 5  
0. 8 5  
0. 6 1 
I .  
0. 2 4  
0. 4 1 
0. 4 1 
0. 3 0  
N. I .  N.  
MP a - --------------
0. 4 5  0. 3 3  0. 6 2  
0. 4 9  0. 77 0. 9 0  
0. 4 9  0. 5 4  0. 9 4  
0. 3 1 0. 57 0. 9 3  
L S D  (0. 0 5) be twe en any two val u e s  =0. 4 MPa f or 
wat er p o t ent ial.  
Cul t ivar O smo t i c  P o t ent ial (- f ) 1 
Ti l l ering Ant h e s i s 
8Grain F i l l ing 
C h i e f  
Burne t t  
Dal 
Fra k er 
I .  
1 . 3 9 
1 . 3 8 
1 . 46 
1 . 38 
N.  
1. 47 
1 . 4 6 
1 . 4 4  
1. 5 5 
I .  
1. 47 
1. 1 0 
1.  2 3  
1 . 7 0  
N.  I .  N .  
MP a -------------------
1 . 67 1 . 6 6 1.9 3 
1 . 4 9 1 . 7 2  1 . 8 2 
1. 4 1  1 . 5 6 1 . 7 9  
1. 87 1 . 9 3 1 . 97 
1 4 9  
LS D (0. 0 5) be tween any two value s = 0. 3 MPa f or o s mo t i c  
p o t ent ial. 
Cul t ivar Turgor Po t ent ial ( �p )
1 
Ti l l ering Anth e s i s Grain Fi l l ing 
Ch i e f  
Burne t t  
Dal 
Frok er 
. I .  
0. 8 1 
0. 6 8  
0. 7 2  
0. 77 
N. 
0. 4 1 
1. 08 
0. 5 9  
0. 9 4  
I .  N .  I .  N .  
MP a ------------ ----------
1. 2 3 1. 2 2  1. 3 3  1 . 3 1 
1. 1 0 1 . 00 0. 9 6  0. 9 2  
0. 8 4  1 . 4 1 1 . 0 3 0. 8 6  
1.40 1. 3 6 1. 3 6  1. 0 5 
1 Means are t h e  av erag e s  o f  f our re p l i cat i ons. 
LS D (0. 0 5) be twe en any two value s = 0. 5 MPa f or 
o smo t i c  p o t ent ial. 
) 
